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1  -  Organizing 


LASER  TECHNOLOGIES  IN  INDUSTRY 

6-7-8  June  1988  -  PORTO - PORTUGAL 


LASER  technologies  are  rapidly  expanding  with  a  percolation  In  every  major 
field  of  science,  technology,  medicine  and  art. 

LASER  TECHNOLOGIES  In  INDUSTRY  was  designed  to  provide  an  assessment  of  and 
the  dissemination  of  Information  on  the  following  aspects  of  LASER  technologies 
for  Industry:  metrology,  detection,  machine  and  process  control,  nondestructive 
testing  for  quality  Improvement;  processing  of  metallic  and  non  metallic 
materials  for  Increasing  the  productivity  of  small  manufacturing  enterprises; 
applications  to  robotics  and  automation  (equipment  and  systems,  cost-benefit 
analysis)  technology  transfer  mechanisms,  European  programs  for  technological 
development. 

The  Impact  areas  Intended  were: 

-  technological  Innovation 

-  rationalized  usage  of  traditional  and  new  materials 

-  creation  of  new  design  and  manufacturing  methods 

-  methods  for  the  fabrication  of  new  types  of  products 

-  productivity  Increases 

-  quality  Improvements 

-  greater  competitiveness  for  European  Industry  In  European  and  world  markets 
with  resulting  benefits  In  terms  of  expanded  markets  created  by  new 
products.  Improved  competitive  positions  through  better  quality  products. 
Introduction  of  new  manufacturing  technologies  having  greater  commercial 
Impact,  and  Introduction  of  Innovative  manufacturing  technologies 
facilitating  new  fabrication  methods  and  the  ability  to  fabricate  new  types 
of  products. 

To  ensure  that  the  objectives  could  be  fully  achieved  a  clear  strategy  was 
established  from  the  beginning. 

Profuse  meeting  and  discussions  were  held  to  define  concerted  actions. 
Results  were  laid  down  on  a  Conference  Guide  (annexed)  that  was  circulated 
to  Committees  Members. 

From  there  In  cooperation  with  the  Organizing  Connlttees  the  establishment 
of  the  programme  started  taking  shape  bearing  in  mind  the  concept  of  an  European 
Dimension. 

Indeed  the  European  Dimension  of  the  Conference  was  reached  by: 

-  Involving  In  the  preparation  of  the  conference  relevant  organizations  from 
many  Member  States 

-  participation  of  Invited  and  contributing  speakers  from  all  Member  States 

-  giving  a  Conmunity-wlde  view  of  the  present  state-of-the-art  of  LASER 
Technologies  and  future  trends  with  reviews,  specialized  assessment  studies 
presentations  and  two  complementary  specialized  workshops 

-  publishing  the  results  with  distribution  to  all  participants  of  collected 
abstracts  and  an  expected  1,300  pages  proceedings  due  In  two  months. 


LASER  TECHNOLOGIES  IN  INDUSTRY 

a-7-ll  Jiim-  1‘lXS  ■  -  I’OKTO  I'lnaVilAl. 


1  CONFERENCE  GUIDE  | 

t- 

I 

i 


Important  Dates:  ' 

Call  for  papers  -  July/September  1987 
Abstracts  due  -  15  November  1987  ( 

Final  manuscript  -  15  February  1988 
Invited  Papers 

Final  form  due  -  15  January  1988 
Advance  programme  -  15  December  1987 


lliPORTANT  INFORMATION 


PLEASE  RETAIN  THIS  FILE 
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WORKING  DOCUMENT 
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LASER  TECHNOLOGIES  in  INDUSTRY  Is  a  international  conference  supported  by 
the  Commission  of  the  European  Communities  (progranwe  for  the  transnational 
development  of  the  supporting  infrastructure  for,  innovation  and  technology 
transfer). 

The  objectives  of  the  conference  are  the  valorization,  assessment  of  and 
the  dessemination  of  information  as  well  as  promotion  of  all  the  aspects  of 
Laser  Technologies  for  industry. 

The  following  major  topics  related  to  Laser  Technologies  in  Industry  have 
been  identified: 

-  General  Overview 

-  Metrology,  detection,  machine  and  process  control,  non-destructive  testing  for 
quality  Improvement 

-  Processing  of  metallic  and  non-metallic  materials  for  increasing  the 
productivity 

-  Applications  to  robotics  and  automation  (equipment  and  systems,  cost-benefit 
analyses) 

-  Technology  Transfer  Mechanisms  and  European  Programs  for  Technological 
Development 

-  Further  Topics 

The  Intended  impact  areas  comprehend: 

-  technological  innovation 

-  rationalized  usage  of  traditional  and  new  materials 

-  the  creation  of  new  design  and  manufacturing  methods 

-  methods' for  the  fabrication  of  new  types  of  products 

-  productivity  Increase 

-  quality  improvement 

-  greater  competitiveness  for  Laser  using  Industry  in  World  Market; 
and  the  demonstration  of  resulting  benefits  In  terms  of: 

-  expanded  markets  created  by  new  products 

-  Improved  competitive  positions  through  continuing  Improved  quality  products 

-  Introduction  of  new  manufacturing  technologies  having  major  commercial  Impact' 

-  Introduction  of  Innovative  manufacturing  technologies  facilitating  new 
fabrication  methods  and  capabilities  to  produce  new  families  of  products 
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WORKING  DOCUMENT 


ORGANIZING^^PROCEDI^ 

The  Conference  Is  being  organized  according  to  the  following  pattern: 

-  Openning  Welcome 

Key  Address 

-  3  Parallel  Sessions 

-  Metrology 

-  Materials  Processing 

-  Robotics  and  Automation 

including  GENERAL  OVERVIEW  (plenary  sessions?) 

Further  Topics 

-  A  POSTER  session  could  be  included 

-  An  Eibition  is  being  considered: 

i)  Books  and  scientific  literature 
ii)  Equipment 

-  Social  progranme  will  be  included 

Programme  co-ordinators  will  organize  the  different  parts  of  the  programme: 

GR  -  GENERAL  OVERVIEW 
MT  -  METROLOGY 
MP  -  MATERIALS  PROCESSING 
RA  -  ROBOTICS  and  AUTOMATION 
FT  -  FURTHER  T«>ICS 

It  is  expected  that  two  programme  coordinators  per  topics  MT,  MP,  RA  will 
provide  invited  papers  reviewing  the  topics.  Each  of  the  programme  co-ordinators 
will  select  another  invited  speaker  to  complement  the  coverage  of  the  said 
topic. 

From  the  topics  GR  and  FT  it  is  also  expected  to  assemble  four  other 
invited  papers. 

The  Conference  will  then  have  an  extensive  coverage  via  invited  papers: 
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GENERAL  OVERVIEW 


^.invited  paper  | 
^^invited  paper  { 


(  authored  by  programme  coordinator) 

(authored  by  invited  speaker  by  Invited 
coordinator) 


METROLOGY 


Invited  paper 
invited  paper 

Invited  paper 
'Invited  paper 


authored  by  the  two  programme  coordinators 


authored  by  Invited  speakers  by  programme 
coordinators 


MATERIALS 

PROCESSING 


Invited  paper 
Invited  paper 


Invited  paper 
Invited  paper 


authored  by  the  two  programme  coordinators 


authored  by  Invited  speakers  by  programme 
coordinators 


ROBOTICS  and 
AUTOMATION 


Invited  paper 
Invited  paper 


Invited  paper 
Invited  paper 


authored  by  the  two  programme  coordinators 


authored  by  Invited  speakers  by  programme 
coordinators 


FURTHER  TOPICS 


Invited  paper  |  (authored  by  programme  coordinator) 

Invited  paper  |  (authored  by  Invited  speaker  by  programme 
coordinator) 


These  sixteen  papers  together  with  key  note  paper  will  form  the  FIRST 
volume  of  the  proceedings  TO  BE  AVAILABLE  at  the  CONFERENCE  SITE  at  the 
registration  desk. 

Average  size  of  the  papers  Is  expected  to  be  20  pages. 

Contribution  papers  wHI  be  assemble  In  the  SECOND  volume  of  proceedings 
and  if  possible  should  be  available  at  the  CONFERENCE  at  the  registration  desk. 

SPIE  will  publish  the  proceedings  from  camera-ready  manuscript  supplied  by 
authors. 

The  programme  coordinators  would  assemble  the  papers  for  the  second  volume. 

The  strategy  for  obtaining  the  papers  Is  via; 

1)  personal  contacts  leading  to  Invited  contributions 
11)  selection  of  contributing  papers  In  response  to  call  for  papers 

The  programme  coordinators  will  be  the  co-editors  of  respective  sessions. 

The  members  of  the  various  committees  are  expected  to  help  In  coordination 
with  programme  coordinators  the  full  procedure. 

Financial  support  Is  to  be  given  to  programme  coordinators  and  their 
Invited  speakers  (selected  from  countries  withing  the  EEC). 

Finantlal  funding  will  only  be  made  available  after  due  reception  of 
manuscript  In  camera-ready  form. 
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COMMITTEES 


-  Organizing  Committee 

-  Programme  Coordinators 

-  International  Advisory  Committee 

-  Honors  Committee 


ASSIGNED  FUWCTIOWS 
ORGANIZING  COMMITTEE 

The  organizing  and  full  coordination  of  the  event. 

In  running  the  conference  they  are  asked  to  assist  In: 

-  Conference  promotion 

-  Organizing  the  programme 

-  Contributing  to  a  raising  of  financial  funding 

-  Contributing  to  the  speedy  and  fine  publication 

-  Helping  In  every  possible  way 


PROGRAMME  COORDINATORS 

-  Contributing  with  an  Invited  paper  presenting  a  review  on  the  concerned  area 

-  Selecting  an  Invited  speaker  for  a  review  paper  covering  complementary  aspects 

-  Selecting  Invited  contributions 

-  Selecting  the  submitted  papers 

-  Proposing  the  sessions  structure 

A  text  two  paragraph  long  Is  requested  for  Inclusion  on  the  CALL  for 
PAPERS. 

Conference  topics  to  be  featured  and  emphasized  are  also  requested. 

Copies  of  manuscript  from  speaker  /  authors  are  sent  for  manuscript 

suitability  evaluation  for  presentation  and  proceedings  publication. 

Formal  refereeing  Is  not  absolutely  necessary  but  overall  quality  must  be 
guaranteed. 

As  co-editors  of  the  proceedings  programme  coordinators  will  be  asked  to 
encourage  authors  to  submit  manuscripts  by  the  manuscript  dead  line  and  to  write 
an  introduction  to  corresponding  part  of  the  volumes.  This  Introduction  will 
sumrnairize  the  concerned  contributions  In  terms  of  aims  and  relevance  of 
technologies. 


MAIN  SUGGESTIONS 

-  Do  not  depend  on  the  CALL  for  PAPERS  to  generate  contributions  to  the 
programme 

-  Identify  as  soon  as  possible  speakers  /  authors  and  session  chairmen 

-  Obtain  a  firm  commitment  from  every  speaker  /  author  to  prepare  a  manuscript 
as  well  as  a  presentation.  Do  not  waive  the  manuscript  requirement 

-  Urge  all  speakers  /  authors  .to  obtain  all  necessary  clearances  Immediately 

-  Do  not  extend  deadlines  without  prior  approval  from  organizing  committee 

-  Advise  the  organizing  committee  immediately  of  any  speakers  added/deleted  from 
the  meeting 

-  Please  do  not  offer  financial  support  to  any  participants  without  approval 
from  the  organizing  committee 

-  Finantlal  funding  will  only  be  made  available  after  due  reception  of 
manuscript  In  camera-ready  form. 
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Please  complete  separate  form  for  each  session 


MANUSCRIPTS 


DEADLINES 

AUTHOR  REGISTRATION 
FINALCIAL  SUPPORT 

WITHDRAWAL 

CLEARANCES 


?.il>lMARY  OF  PROCEDURE 

-  a  manuscript  in  cainara- ready  Tomi  is  REQUIRED  Of 
every  author  who  presents  a  paper 

-  the  deadlines  shown  are  firm  in  that  failure  to  meet 
them  results  in  the  inability  to  comminicate 
progranine  information  in  a  timely  manner,  missed 
press  dates,  and  a  worst,  publication  of  inaccurate 
or  incomplete  information 

FEES  -  authors  are  required  to  pay  a  reduce  registration  fee 

-  requests  should  be  forwarded  to  the  organizing 

committee.  Registration  fees  are  waived  for  the 
progranme  coordinators,  and  further  requests  for  fee 
waivers  will  be  dealt  with  on  an  individual  basis 

-  it  is  widely  considered  unprofessional  the 

withdrawal!  of  a  paper  from  a  conference  after  it  has 

been  widely  advertised  to  the  scientific  and 
technical  community 

-  it  is  the  authors  responsability  to  obtain  all 

clearances,  whether  governement,  military  or  company, 
and  to  assure  their  completeness,  including  allowance 
for  publication  of  the  papers  title  and  authors  names 
and  affiliations  in  the  Advance  Programme,  as  well  as 
publication  of  the  paper  itself  in  the  Conference 
Proceeding  volumes 


ORGANIZING  COMMITTEE 


S.P.  Almeida  (USA) 


M.P.  AMOR  (SP) 


L.M,  BERNARDO  (P)  - 


J.  EBBENI  (B) 


C.  LIEGEOIS  (F) 


P.  PERSEPHONIS  (GR)  - 


WORKING  DOCUMENT 
PROVISIONAL 


Dept  of  Physics 

Virginia  Polytechnic  &  State  University 
Blacksburg  -  24061  Virginia  -  USA 
Telephone  :703-96  15  473 

Telex  :7108753699 

Telefax  :703-9617511 

Private  Telefone;703-5520217 

E.S.T.  Ing.  Industriales 
Catedra  Fisica 

LAGOAS  -  MARCOSENUE  -  SPAIN 
Telephone  ;{ 34-86)  37  35  60  or  37  34  00 

Telex  :83280 

Telefax  : 

Private  Telefone: (34-86)  41  30  92 

Laboratorio  de  Fisica  -  Faculdade  de  Ciencias 
Praga  Gomes  Teixeira 
4000  PORTO  -  PORTUGAL 
Telephone  :( 351-2)  31  02  90 

Telex  : 28109  FCUP 

* 

Private  Telefone:(351-2)  56  61  17 

Univ.  Libre  de  Bruxelles 
Av.  F.O.  Roosvelt  50 
B'1050  Brussels 
BELGIUM 

Telephone  ;(32-2)  64  22  795 

Telex  : 23069 

Telefax  : 

Private  Telefone: 

7  Rue  de  1' University 
F'6708'1  Strasbourg  -  France 
Telephcne  :(33-88)  35  21  32 

Telex  : 

Telefax  : 

Private  Telefone: 

Univ.  of  Patras 

Department  of  Physics 

GREECE 

Telephone 

Telex 

Telefax  : 

Private  Telefone: 
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G.  RIGHINI  (I) 


O.D.D.  SOARES  (P) 
(Chairman) 


I.J.  SPALDING  (UK) 


H.  TIZIANI  (FRG) 


J.  TSUJIUCHI  (J) 


-  I  ROE  -  CNR 

Via  Panciatichi  6A 
Firenze  1-&012;  -  Italia 

lelephone  :(39-55)  4  37  85  12 

lelex  :570231 

Telefax  :( 39-55)  410893 

Private  Telefone: (39-55)  45  12  01 

-  Lab.  Fisica  Fac  Ciencias 
Praga  Gomes  Teixeira 

4000  PORTO  -  PORIUGAL 
Telephone  :(351-2)  31  02  90  Ext. 235 

Telex  :28109  FCUP 

Telefax  : 

Private  Telefone:(351-2)  56  00  51 

-  Laser  Applications  Group 

UKAEA,  Culham  Laboratory 
Abingdon.  Oxfordshire  0X14  3DB,  U.K. 
Telephone  :(44235)  21  840  Ext. 4206 

Telex  :83189 

telefax  : (44235)  46-3682 

Private  Telefone: 

-  Institut  fur  Technische  Optik 
Univ.  Stuttgart 
Pfaffenwaldring  9 

7000  Stuttgart  80  -  FRG 
Telephone  :(49-71I)  68  56  075 

Telex  .-721703 

Telefax  : 

Private  Telefone: (49-7 156)  32  006 

-  Tokyo  Institute  of  Technology 

4259  Nagatsuta  Midori-Ku 
Yokohama  227  -  Japan 
Telephone  : 

lelex  .-2466360  TITECH  J 

Telefax  : 

Private  Telefone: 
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PROGRAMME  COORDINATORS 


-  General  Overview 

-  Metrology 


Materials  Processing 


-  Robotlzatlon  &  Automation 


Further  Topics 


Prof.  Ebbeni 

Univ.  Libre  de  Bruxellbs 
Av.  F.O.  Roosvelt  50 
B-1050  Brussels 
BELGIUM 

Telephone  :(32-2)  64  22  795 

Telex  : 23069 

Telefax  : 

Private  Tel ef one: 

-  Dr.  W.O.  JUptner 

BIAS-Bremer  Instltut  fur  Angewandte  Strablltechnik 
Ermlandstr  59 
2820  Bremen  71 

Telephone  : (49-421)  60  60  63 

Telex  : 

Telefax  : 

Private  Telefone: (49-421)  63  56  70 

Prof.  W.M.  Steen 
Materials  Dept 
Imperial  College 
London  SW7  2BP  -  UK 

Telephone  :(44-l)  58  95  111  Ext.  5933 

Telex  :261503 

Telefax  :(44-l)  5847596 

Private  Telefone: 

Prof.  A.  Sona 
CISE 

Via  Reglo  Emilia  39 
20090  Segrate  (Ml)  -  MILANO 
Telephone  :(39-2)  21  67  23  67 

Telex  :311643  CISE  1 

Telefax  : 

Private  Telefone: (39-2)  21  32  810 
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INTERNATIONAL  ADVISORY 


A.  Corrons 


L.R.  Baker 


K.  Biedermann 


E.  Byckling 

J.O.  CastaAeda  (Nx) 


H.  Caravaglla  (Argt)  * 


H.  Caufleld 


R.  Dandllker 


J.  Ebbenl 


COMMITTEE 


-  Institute  de  Optica 
Daza  de  Valdes 

Serrano,  121  -  Madrid  -  6  , 

SPAIN 

Telephone: (34-1)  26  16  800 
SIRA  Ltd 

Research  Assoc.  F.  Instrumentation 
South  Hill  Chlslehurst 
Kent  BR7  53H 
England 

Telephone: (44-1)  46  72  636 
Telex  :896649 
Telefax  :{44-l)  46766515 

Royal  Inst,  of  Technology  Institute  of  Optical  Research 

S  -  10044  Stockholm 

SWEDEN 

Telephone: (46-8)  78  77  283 

Helsinki  Univ.  of  Technology 
ESPOO  15  SF-02150 
FINLAND 

Institute  Naciona]  de  Astrofisica  Optica  y  Electronica 
Apartado  Postal  51  y  216  Z.P. 

72000  Puebla,  Pue 
MEXICO 

CIOP  -  Centro  de  Investigatlones  Opticas 
Casllla  de  Correo  124 
1900  La  Plata 
Argentina 

Univ.  of  Alabama/Huntsville 
Center  for  Applied  Optics 
Huntsville  AL  35899,  USA 
Telephone: (205)  895-6102 
Telex  :0230-59817 

Inst,  de  Mlcromechnlque  de  I'UnIv. 

2  Rue  A  L  Breguet 
CH-2000  Neuchatel 
SWITZERLAND 

Telephone: (41-38)  24  60  00 
Telex  :35100 

Univ.  Libre  de  Bruxelles 
Av.  F.D.  Roosvelt  50 
B-IOSO  Brussels  -  BELGIUM 
Telephone  :(32-2)  64  22  795 

Telex  :23069 
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H.A.  Ferwerda 


K.K.  Gelssler 


P.  Greguss 


P,  Hariharan 


U.  Kotte 


A.W.  Loh.Tiann 


O.J.  L^Aberg 


R.  Pryputniewlcz 


P.  Smlglelskl 


-  Opto.  Appl.  Phys. 

Nijenbourgh  18 
9747  Ag  Groningen 
NETHERLANDS 

-  CERN 

1211  Geneva  23 
SWITZERLAND 

Telephone: (41-22)  83  58  60 
Telex  :419000 

-  Appl.  Blophys  Res  Lab 
Tech  Unlv  Budapest 
Budapest  Krusper  Utca  2-4 
Budapest  1111 

HUNGARY 

Telephone: (36-1)  858-218 

-  CSIRO  Div  of  Applied  Physics 
Box  218 

Lindfleld  2070 
AUSTRALIA 

-  KFA  -  Progranmgruppe  Technik  U  Gessellchaft 
Postfach  1913 

D-5170  Jullch 

Telephone: (49-2461)  61  35  31 
Telex  : 83355630 

-  Univ.  Erlangen-Nurnberg 
Erwin  -  Rommel  -  Strabe  1 
0-8520  Erlangen 

WEST  GERMANY 

Telephone  : (49-9131)  85  74  08 

Private  Telephone: (47-7)  59  34  16 

-  Technical  Unlv.  of  Norway/Phys  DP 
Throndhelm  N-7034  NTH 

NORWAY 

Telephone:(47-7)  59  34  22 
Telex  : 55637 

-  Worcester  Polytechnic  Institute 
Worcester 

Massachusetts  01609 
Telephone  :617-79  35  00 

Private  Telephone:203-64  64  745 

-  ISL 
B.P.  301 

12,  rue  de  1* Industrie 
68301  Saint-Louis  Cedex 
FRANCE 

Telephone: (33-89)  69  51  80 
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0.  Vukievic 


-  Inst  of  Physics  Univ.  of  Zagreb 
YU/41000  Zagreb 
Bijenicka  45 
YOGOSUVIA 

Te1ephone:(38-41)  41  25  54 

S.  Wolfrum  -  Physikallsch  -  Chemisches  Institute 

IM  Neuenheimer  Feld  253 
D-6900  Heidelberg  1 
FRG 


Honors  Coranittee 


OFFICIAL  LANGUAGES 


English  and  Portuguese  are  the  official  languages  of  the  conference. 
Simultaneous  translation  will  be  available. 

Please  contact  the  organizing  committee  for  any  other  arrangement. 


ADVANCE  PROGRAMME 


The  Advance  Progranme  will  be  widely  distributed. 

It  provides  details  of  the  programme  content  and  speakers/authors  as  well  as 
proceedings. 

The  Advance  Progranme  must  then  be  complete,  accurate  and  comprehensive. 

Help  to  procedue  the  Advance  Programme  by: 

-  ensuring  that  speakers/authors  are  committee  to  provide  a  camera-ready 
manuscript  for  the  conference  proceedings 

-  submit  to  the  organizing  committee  In  time  a  programme  plan  for  respective 
sessions 

-  programme  of  planned  sessions  should  specify: 

-  paper  titles,  authors  fil nations,  addresses 
•  sessions  subtitles  If  any  and  sessions  chairmen 

The  paper  titles  should  be  given  In  order  of  presentation. 

Based  on  sessions  progranne  plan  SPIE  will  attribute  a  Code  Number  to  each 
paper  and  send  to  the  first  author  an  Authors  Kit. 

-  Length  of  Presentation 

-  Invited  papers  could  be  allowed  50  minutes  presentation  followed  by  10 
minutes  questlons/dlscutlons 

-  Contribution  papers  will  have  In  average  15  to  20  minutes  each  presentation 
plus  a  5  minutes  questions/discussions  (depending  on  the  number  of  papers 
In  each  session) 


Typical  day  conference  schedule 

8.30  -  start  session  (openning,  keynote  paper) 

10.00  -  10.30  -  coffee  breake 
15.00  -  15.30 

12.00  -  13.30  -  Lunch  break 
17.00  -  end  of  session 
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Financial  Support  for  Speakers 


Financial  support  should  not  be  offered  unless  prior  agreement  with  the 
organizing  coixmittee  was  reached. 

Requests  for  registration  fee  waivers  will  be  consider  on  an  individual 
basis. 


The  final  progranne  will  be  distributed  to  all  conference  attendees  at  the 
conference  site.  It  is  a  revised  version  of  advance  programme  containing  last- 
minute  additions  or  deletions  and  author  or  title  corrections 


The  Conference  proceedings  will  comprehend  two  volumes.  First  volume  to  be 
published  before  the  Conference  date  with  invited  papers 


PROGRAMME  SUGGESTIONS 


Although  extensive  distribution  of  information,  posters,  call  for  papers  and 
advertizing  in  scientific  Jornals  is  planned,  the  experience  shows  that  the 
efficiency  of  this  method  is  low  (lOX).  Soliciting  speakers  as  soon  as  possible 
by  personal  contact  has  proved  to  provide  better  results. 


JL 


REGISTRATION  FEES 


Registration  fee  -  25  000$00  {* 

Comprehends 

-  Coffee-breaks 

-  Prograiniie 

-  Closing  dinner 

-  Wellcome  party 

-  Social  events 

Registration  fee  for  supporting  societies  menbers 

and  advanced  registration  before  1st  April  1988 - 20  QOOiOO 

Students -  9  000$00 


Includes 

-  Coffee-breaks 

-  Prog  ranine 

-  Social  events 

Speakers/authors  who  attend  the  conference  will  be  entitle 
registration  fee 


(*)  (1  USA$  -  143$00  Escudos) 
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)  (Escudos) 


reduce- rate 


/ 


ACCOMMODATION  INFORMATION 


A  few  rooms  were  possible  to  be  reserved  at  a  superb  5  stars  HOTEL 

HOTEL  PORTO  ATLANTICO 

Special  rates:  single - 5  800$00 

double - 6  800$00 

Very  special  offer:  Breakfast  +  main  meal  +  double  - 10  000$00 

single - 7  ZOOioO 


Further  Hotels: 


Special  rates  for  Conference  participants 


c 

C 

9  9 

5  Classf.  g 

9  9_ 

Single 

9 

9 

.9 

Double 

9 

9 

_9 

HOtEL 

9 

9 

9 

9 

g  MERIOIEN 

g  5  stars  g 

10  500$00 

9 

11  90QS0Q 

9 

C 

9 

9 

_9 

.9 

? 

hotel 

9 

9 

9 

9 

C  ' 

SHERATON 

g  5  stars  g 

o 

o 

o 

o 

00 

9 

9  600$00 

9 

« 

9 

9 

.9 

.9 

C 

hotel' 

9 

9 

9 

9 

f  1 

30A- VISTA 

,  g  4  stars  g 

5  200$00 

9 

o 

o 

o 

o 

AO 

9 

9 

9 

9 

.9 

.9 

9 

HOTEL 

9 

9 

9 

9 

9 

INCA 

9 

9 

9 

9 

9 

9 

_  9 

.9 

.9 

9 

HOTEL 

9 

9 

9 

9 

9 

60EGA 

9 

9 

9 

9 

9_ 

9 

9 

.9_ 

.9 

Special  rates  could  be  extend  to  members  of  the  family  and  for  extra-conference 
days. 


Please  be  aware  that  due  to  the  multiple  fairs  and  other  events  in  Porto,  Hotel 
booking should  be  done  as  earlier  as  possible.  Full  rate  will  apply  also  for 
late  booking. 

(I  USA$  >  143$00  Escudos) 
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(very  Important  participants) 

We  are  pleased  to  annouce  that  we  manage  to  obtain  a  very  special  rate  at  a 
superb  5  stars  HOTEL  to  acconmodate  some  of  the  VIPs  (very  Important 
participants). 

It  was  also  possible  to  obtain  the  extension  of  the  special  rates  to  family 
members  and  for  extra-conference  days. 

Very  special  rates: 

Double  room  with  breakfast,  one  main  meal - 10  000$00  (Escudos) 

Single  room  with  breakfast,  one  main  meal -  7  000$00  (Escudos) 


Please  be  aware  that  due  to  the  multiple  fairs  and  other  events  In  PORTO.  HOTEL 
booking  should  be  conveniently  done  as  earlier  as  possible. 

The  number  of  room  available  is  limited  and  therefor  we  are  forced  to  follow  the 
rule  first  requested  first  booked. 

Transfer  to  the  conference  site  and  to  the  airport  could  be  provided. 

(1  USA$  =  143100) 


-  Wellcome  party  with  projections  of  a  DIAPORAMA  about  PORTO  city 

-  Typical  gastronomic  dinner  with  a  parade  of  old  costumes  and  ancient  Jewlery 
from  Alto-MInho  (North  of  Portugal) 

-  Closing  dinner  and  musical  event 
Optional 

-  Dinner  and  boat  trip  in  the  river  Oouro 

-  Visit  to  Porto  wine  cellars 

Accompanying  Persons 

-  Several  tours  will  be  organized  primarily  meant  for  the  accompaning  persons 
PRE/POST  Congress  tours 

-  Selected  tours  will  be  offered  to  those  who  would  like  to  enjoy  and  discover 
the  country 


The  official  TRAVEL  AGENT  could  also  deal  with  your  most  ambitious  to  the 
most  exotic  wishes.  Please  Indicate  what  you  will  be  looking  for  while  in 
Portugal  (Including  Madeira  and  Azores) 


CALENDER 

Call  for  papers 

Abstracts  due 

Notification  of  Acceptance 

Final  manuscript 

Invited  papers 
Final  Form 

Advance  Prograiiiiie 

Conference  Prograniiie 


July 

September 
15  November  1987 ‘ 
15  December  1987 
15  February  1988 

15  January  1988 
15  Deceiirt)er  1987 
31  Mars  1987 


SECRETARIAT 

0.0.0.  Soares 

L.M.  Bernardo 

F.P.  Pires  de  Carvalho 

F.M.V.  Pires  de  Morais 

J.S.  Fernandes 

A.J.  Carneiro  Pinto 

c/  Laboratorio  de  Fisica 
Faculdade  de  Cienclas 
aOOU  PORIO  -  PORIUGAL 
Ielerone:(351-2)  31  02  90  Ext.  235 
lei  ex  : 28 109  FCUP 

lelefax  : 


EXHIBITION  COORDINATOR 
L.M.  Bernardo 

c/  Laboratorio  de  Fisica  -  Faculdade  de  Ciencias 
4000  PORTO  -  PORiUGAL 
lelerone:(3SI-2}  11  02  90 
lelex  : 28 109  FCUP 

Telefax  : 
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EDITORS 
O.D.D.  Soares 
S.P.  Almeida 
L.N.  Bernardo 


CO  -  EDITORS 

-  Programme  Coordinators 

-  Session  Chairmen 
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MAIN  SPONSORS 


SPONSORS 
SPIE  - 


Reitoria  da  Universidade  do  Porto 

IPq  -  Instituto  Portugues  da  Qualldade 

CTT  /  TLP  -  Correio  e  TelecomunicagOes  de  Portugal 


HP 


EFACEC 


CO-SPONSORS 

-  EO-OPTICS  -  DIVISION  of  EUROPEAN  PHYSICAL  SOCIETY 
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PAPERS 


KEY  -  ADDRESS 

Anthony  J.  de  Maria 
Assist.  Dir.  of  Research 
United  Technologies  Res.  Center 
Silver  Lane  MS  +  77 
East  Hartford  CT  06108 
Tel:  (203)  727-7545 


’nfonnation  provided  is  based  on  commitments 
received  up  to  the  time  of  release  and  are 
subject  to  change  without  notice 


EUROPEAN  CONFERENCE  on  TECHNOLOGY  and  INNOVATION 

Suported  by  the  Commission  of  the  European  Coninunities  under  the  plan  for 
transnational  developnient  of  the  supporting  infrastructure  for  innovation  and 
technology  transfer. 
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ANNEXES 


Key  -  Address 


-  JNICT  ->  Nobel  Prize? 

(Lasers  a  Quarter  of  a  Century?)  i 

-  Teodore  H.  Malman 

-  Arthur  Leonard  Schawlow  -  Stanford  University 

-  Charles  H.  Townes  -  University  of  California 
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METROLOGY 

Co-ordinators 

*  J.  Ebbeni  -  Lasers  In  measurement.  Inspection  and  control 

*  W.P.O.  Juptner  -  holography  in  Industrial  Applications 

Invited  Speakers 


Topics  Metrology 

-  Laser  Analysis  -  surface  analysis 

-  Interferometric  Metrology  in  Industry 

-  Laser  Microscopy 

-  Laser  Metrology  in  production  and  quality  control 

-  Deformation  and  vibration  measurements  - 

-  Laser  Metrology  for  mixture  control  combustion  and  exhaust  measurement 


/ 


z. 
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Suggestions  Metrology 


-  Prof.  T.H.  Jeong  -  Optical  Fibers  Sensors 

-  Dr.  Amar  Choudry  -  Laser  Metrology  (x  Artificial  Intel igence) 

-  Prof.  0.  Lokberg  -  ESPI  in  Industry 

-  Dr.  B.  Fagan  -  Review  and  prospects  ESPI  in  Industry 

-  Dr.  L.  Baker 

-  Dr.  J.  Tyrer  -  ESPI 

-  Prof.  J.  Tsujiushi  -  Laser  Metrology  for  Industry 

-  Prof.  S.P.  Almeida  -  Laser  Metrology  //  Image  Processing 

-  DIFFRACTO 

Rogers  -  Optical  Fb  Sensors 

-  Or.  Schultz-DuBois  -  (Photon-correlation) 

-  Prof.  A.  Lohmann 

-  Dr.  Juptner 

-  Prof.  B.  Culshaw  -  Opt.  Fb.  Sensors 

N.  Abramson  -  NOT  with  Lasers 

-  il.  Rottenkolber  -  Optics  Engin.  Measurements 

-  R.  Canticui  -  Laser  Measurement  in  Civil  Engineering 

Swiss  Federal  Lab.  Materials  Testing 
Dept.  Concrete  Structures  Oubendorf 
Address:  Ranbbuhlstrasse  21  B 
CH  -  8600  Dubendorf 
Switzerland 

-  R.  Krebser  -  Holography  in  Plastic  Injection  Moulden  Measurements 

Nestal  -  Maschinen  AG 
CH  -  8750  Nafels 
Switzerland 

-  V.  BodlaJ  -  Laser  Distance  and  Thickness  Measurement 

Research  Inst,  of  Sciences  AG 
D  -  8000  Munchen  83 
Address:  Merinherstrass  69 
D  -  8000  Munchen  90 


/ 


-  Or.  Martens  -  Optical  Fiber  Sensors 

Philips  GinbH  Forschungslaboratorlum  Hamburg 
Vogt  -  Kolln  Str..  30 
0  -  2000  Hamburg  54 

-  Mr.  Hesse  -  Lasers  in  Measurement,  Inspection  and  Control 

Mr.  Preier 

Fraunhofer  -  Institut  fur  Phys I kahsehe  Mentecknik  Freibourg 

-  E.  Kafka  -  Laser  Tire  Measurements 

Tire  Oesign  Reseach 

Good  Year  Infer.  Tire  Tech.  Center 

L  -  7550  Colmar  -  Berg 

Tel  (0032)  81  99  /  36  86 

-  Pramod  Rastogi  -  Laboratory  Stress  Analysis 

Swiss  Federal  Inst.  Techn. 

CH  -  1015  Lausanne.  Switzerland 

-  G.T.  Reid  ,  NE^f  East  Kilbride,  Glasgow,  G  75  OQU,  UK 

-  J.M.  Burch 

-  Post 

-  O.W.  Robinson 

-  0.  Kafri 

-  Or,  Gert  von  Bally  -  Holographic  Fiber  Endoscopy 

-  P.  Smigielski 

-  A,  Ennos 

-  Molesini 

-  R.  Pryputniewriz 

-  Reid 

-  G.  Sidall  (HP) 


-  K.  Stetson 


Prof.  H.  Klingberg  -  Laser  metrology  in  production 
Volkswagen  AG 

Forshung  -  Mepotechnik  and  quality  control 
Postfach 

D  -  3180  Wolfsburg  1 
Tel  (05361)  92  50  01 

Dr,  M.A.  Beck  -  Laser  Light  geometric  measurements 

Volkswagen  AG 

Forschung  -  MeBverfahren  /  1783 
0  -  3180  Wolfsburg  1 
Tel  (05361)  92  51  15 

C.A.  Sclanniarella,  Illinois 

H.J.  Tizlani 

C.M.  Vest  -  Holography  Industry  (Review) 

R.  Oandliker  -  Laser  Measurements  of  Vibration  and  Deformation 

Institut  de  Microtechnique 
Breguet  2 

CH  -  2000  Neuchatel 
Tel  (0041)  38-24  60  00 

A  Froehly 

L.  Piroda 


Gelssler 


-  Laser  Tech,  for  Instrumentation  (at  CERN) 


Mat  Processing 


Co-ordinators 

*  Steen  -  Laser  Material  Processing  In  Industry 

*  A.  Sona  -  Industrial  Application  of  Lasers 

-  Past,  present  and  trends 

Invited  Speakers 

-  E.W.  Kreutz  -  Laser  Material  Processsing  Industrial  Users 


Topics  (Material  Process.) 

-  High  Power  Lasers  (Industrial  Requests) 

-  Examiner  Laser  (Demand  &  Applications  In  Industry) 

-  Laser  Micromachining 

-  Laser  Tech.  In  Manufacturing 


-  Prof.  0.  Svelto  -  General  perspective  Lasers  uses  In  Industry 

-  Prof.  Krentz  -  Laser  Mat  Process 

Mazunder 

-  Mariano  P.  Amor  -  LCVD 

-  O.P.  Vu  -  Lasers  In  Microelectronics  Chips  Fabrication 

-  J.  Steffen  -  Laser  Mlcromachlnlng 

Asulab  S.A 

CH  -  2001  Neuchatel 

Switzerland 

9 


-  H.G.  Rosen  -  Influence  of  System  Parameters  on  Laser  Mat.  Processing 

Perfomances 

Siemens  AG 
Munich 


10 
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Robotics  &  Automatization 


Co-ordinators 

* 

•k 


f,l.. 

t 

i 


■  t 


Invited  Speakers 


Topics  (robotizatlon  &  automatization) 

-  Laser  Robotics 

-  Inspection 

-  Mat.  Processing 

-  Structure  Light  Methods  (H.  SchmalfuB) 

-  Flexible  Laser-based  Machining  Centers 

-  P.  Pizzi  -  Laser  Robotics  In  Mat.  Processing 

-  Hugenschmit 
SBX 

-  H.H,  SchuBler  -  Laser  Measurements  on  Coord.  Meas  Machinis  and  Robots 
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General  Overview 


-  R.  Main  -  Laser  Application  Trends  In  Industry 

-  H.  Koebner  -  Application  of  Lasers  In  Industry 

Munich 

Kreuzdornweg,  3 
D  -  8000  Muchen  90 

-  H.  Caufleld  -  Laser  Technologies  Potencial  for  Industry 

-  Or.  R.  Poprawe  -  Application  Areas  In  Industry  and  Technical 

Characteritics  of  Laser  Technology  (FAST) 

Fraunhofer  -  Institute  fur  Laser  technik 
Orosselweg  87,  5100  Aachen 

-  Mr.  Derge  -  Laser  Market  and  Application  Trends  In  Industry 

Spectra  Physics 
Darmstradt 


other  Topics 


-  E.  Creutzmann  -  Laser  Printers 

Siemens  AG,  Munchen 
Joseph  -  Retzer  -  Str  19 
D  -  8000  Munchen  80 

-  W.  Ulmer  -  Oieboard  Laser  Cutting 

LKS  Laser  Kombinationssysteme 
Kelterstr,  93 
D  -  3711  Dettingen  -  Tec 

-  K.  Hinsch  -  Lasers  in  Environment  Technology  and  Protection 

Monitoring 


"c/-  ./•<<  •-«-«  !»/ r  r  I,, 


Topics  General 


-  Laser  in  Printing  and  Reproduction 

-  Optical  Storage,  Optical  Computing,  Data  Processing  and  Optical 
Communications  -  The  BOOM  I 
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2  -  Organizing  Committee 


The  Organizing  Conmilttee  was  formed  with  the  concourse  of  European 
acknowledged  experts. 

To  harmonize  methods  and  line  of  discussion  It  was  taken  as  a  starting 
point  a  harmonize  document  organized  by  the  Chairman  the  "CONFERENCE  GUIDE"  that 
was  distributed  to  all  the  appointed  members  of  Committees  and  and  Programme 
Coordinator. 

Intensive  contacts  among  members  of  the  different  coimminltles  and  programme 
coordinators  laid  the  roots  for  the  programme. 

From  there  the  Chairmen  took  the  role  of  linkage  by  taking  advantage  of 
various  occasions  of  expected  availability  for  contacts  to  fully  discuss 
Organizing  procedures. 

To  a  better  (and  cheaper)  development  of  the  organizing  work  meetings  at  the 
Organizing  Committee  have  been  arranged  during  International/European 
Conferences  so  that  a  broader  number  of  members  would  attend  and  expenses  could 
be  reduced.  Among  those  the  most  determinant  occasions  were: 

-  The  fourth  International  Symposium  on  Optical  and  Optoelectronic  Applied 
Science  and  Engineering  In  Hague  (March/April  1987)  was  then  chosen  to 
establish  the  main  guidelines  of  the  conference  based  on  a  document 
distributed  (Conference  Guide).  The  completion  of  meeting  the  members  led 
to  complement  with  visits  to  Firenze  and  Milano. 

-  The  Laser  Science  and  Technology  meeting  In  Italy  (May  1987)  made  possible 
to  establish  the  conference  programme  strategy  and  the  Invitation  list  of 
speakers. 

-  The  International  Symposium  of  Technologies  for  Optoelectronics  In  Cannes 
(November  1987)  gave  opportunity  for  selection  of  some  contributions  and 
re-examination  on  conference  developments.  To  complete  discussion  a  visit 
was  paid  to  Bordeaux.  Strasbourg  and  Firenze. 

-  The  OPTICS-ECOOSA  88,  In  Birmingham  (March  1988)  was  used  to  define  the 
final  programme  of  the  Conference.  This  was  complete  with  visits  to  Belgium 
and  U.K. 

The  active  work  of  the  Organizing  Committee  In  establishing  the  programme 
was  largely  supported  by  the  Programme  Coordinators  that  had  subdivided  their 
task  In  three  main  areas:  Metrology,  Material  Processing,  Further  Laser  Topics. 

An  International  Advisory  Committee  provided  suggestions  and  contacts  that 
largely  enriched  the  programme.. 

The  poster  session  coordinator  took  the  task  of  all  the  details  and 
logistics  of  the  two  poster  sessions. 

The  exhibition  was  also  a  local  success  as  a  result  of  the  full  Involvement 
of  Exhibition  Coordinator  In  cooperation  with  the  Organizing  Committee. 


/ 
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3  -  Programme 

The  programme  In  Its  final  format.  Annex  I,  comprehended  26  Invited 
coflinunlcatlons  covering  the  main  objectives  proposed.  This  has  been  complemented 
with  a  presentation  of  97  contributing  papers  and  31  posters.  These  around  160 
contributions  were  selected  from  around  200  offered  contributions. 

The  speakers  came  both  from  Industry  and  Universities  as  well  as  other 
Institutions  (Banks,  EEC,  Consultants.  Institutes,  Government  Laboratories, 
Laser  Centers,  etc.)  from  a  wide  range  of  30  countries  with  a  significant  number 
of  delegates  from  Members  States. 

An  Opening  Session  formally  open  the  conference  and  due  to  the  length  of 
material  to  be  presented  In  ordinary  sessions  It  was  shifted  to  the  afternoon  of 
the  5th  of  June. 

Three  plenary  sessions  opened  the  working  days  of  the  Conference  covering 
In  a  review  form  and  giving  the  prospects  of  the  three  essential  aspects 
Intended  as  gravitational  points  of  the  programme. 

Four  parallel  sessions  were  used  to  the  presentation  of  papers,  combined 
with  two  poster  sessions. 

Two  workshops  were  organized  to  cover  two  different  Important  related 
fields: 

-  Lasers  In  Medicine 

-  Lasers  Technologies  In  Ocean  Sciences 

The  first  workshop  was  intended  to  respond  to  an  exigence  from  the 
scientific  community  to  take  advantage  of  the  presence  of  experts  at  the 
Conference  to  exchange  views,  evaluate  trends  and,  some  concerted  actions  by 
European  Countries. 

The  second  workshop  Intended  to  assess  the  degree  of  development  In  the  use 
of  Laser  Technologies  In  the  Ocean  Sciences,  to  establish  a  scenario  of 
perspectives  and  areas  of  Interest.  This  In  response  to  the  responsibilities  and 
expected  Involvement  of  Europe  In  the  domain  and  aiming  to  help  to  achieve 
Improvements  In  relation  to  the  advance  situation  of  the  field  In  U.S.A.  and 
JAPAN.  The  topic  Is  particularly  appealing  to  Portugal  as  a  country  with  a  very 
large  Exclusive  Zone.  There  was  also  the  need  to  respond  to  the  Invitation  of 
SPIE  on  the  joint  organization  of  a  Research  Institute  (Expert  Meetings  and 
Review  Publication)  In  the  near  future. 

An  exhibition  was  organized  to  provide  atmosphere  and  motivation  to 
Industrialists.  Demonstration  of  various  techniques  and  Instrumentation  where 
enlighten  with  projection  of  videos  and  live  experiments  at  the  exhibition. 

Simultaneous  translation  has  been  provided  though  far  from  heavily 
requested  due  to  the  technical  and  scientific  character  of  the  conference  where 
audience  Is  usually  familiar  with  technical  English. 

A  social  and  cultural  programme  was  also  offered  with  a  scheduled  part 
under  the  organizing  committee  responsibility  and  an  optional  part  dealt  with  by 
the  travel  agent. 
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4  -  Advertising 


There  had  been  profuse  dissemination  of  conference  announcements  In  several 
languages  throughout  the  European  Cmnmunlty  and  elsewhere. 

Promotion  of  the  Conference  was  done  in  the  various  tangible  forms: 

-  advertising  on  scientific  journals 

-  dissemination  of  specially  printed  material 

-  news  release  at  conference  and  other  meetings 

The  Annex  IV  collects  some  of  the  material  used: 

-  Preliminary  Announcement  (15,000) 


Large -  (2,000) 

-  Posters  Medium -  (3,000) 

Small  (A3) - (10,000) 

-  Call  for  papers  -  (40,000) 

(various  languages) 

-  Programme - (4,000) 


Distribution  by  mall  was  Intensively  made  by  recourse  to  mailing  lists, 
that  Included  more  than  7,000  potential  participants.  These  listing  covered  also 
member  of  professional  societies  such  as:  SPIE;  OSA;  SPF;  etc. 

Advertising  of  the  conference  was  also  expressly  made  at  various  meetings 
and  conferences.  In  particular: 

-  ICO  -  14  (1987) 

-  LASER  87  -  MUNICH  (June  1987) 

-  LASER  CONF.  -  Athens  (June  1987) 

-  OPTICAL  ENG.  -  Cannes  (Dez.  1987) 

-  ECOOSA'  88  -  Birmingham  (March  1988) 

and  other  meetings  that  took  place  In  BRUSSELS,  PARIS,  LONDON,  etc. 


5  -  Financing 

The  financial  support  came  essentially  from  the  contract  48-080,  SDJ-DOl. 

This  was  complemented  by  the  revenue  of  registration  fees  which  most  of  the 
participants  have  paid  at  reduce  value. 

Institutions  sponsoring  the  Conference  provided  also  some  forms  of 
financial  support. 

At  the  time  of  writing  this  report  accountacy  Is  stni  in  progress  and  not 
all  the  bills  have  been  received.  Nevertheless  It  Is  expected  that  a  sound 
balance  will  result. 
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6  -  Outcome 

The  objectives  proposed  were  fully  accomplished. 

The  programme.  Annex  I,  does  show  the  Interest  the  conference  has  raised 
and  an  extensive  coverage  of  the  field  beyond  originally  set  guidelines. 

Indeed  the  original  programme  was  completed  with  two  workshops  to  respond 
to  the  vivid  Interest,  of  the  participants,  that  took  place  on  the  9th  June. 

The  workshop  "Lasers  In  Medicine"  had  around  50  participants  from  different 
backgrounds  (physicians,  physicists.  Industrialists,  etc.). 

The  workshop  addressed  the  following  topics: 

-  Present  scenario  of  Laser  Application  In  Medicine 

-  Trends  In  Laser  Application  In  Medicine 

-  Programmes  and  Models  of  European  Cooperation  at  National  and  fkiltlnatlonal 

level  In  the  field  of  Laser  Applications  In  Medicine 

From  the  workshop  material  a  report  Is  to  be  Included  in  the  proceedings. 

The  workshop  LASERS  In  OCEAN  SCIENCES  had  an  attendance  of  around  40 
delegates.  Their  objectives  were: 

-  Present  scenario  of  Laser  Applications  In  Ocean  Sciences 

-  Trends  In  Laser  Applications  In  Ocean  Sciences 

-  Programmes  and  Models  of  European  and  Multicontinental  Cooperation  In  the 

field  of  Lasers  Applications  In  Ocean  Sciences 

-  Topics  for  a  Research  Institute  (Review  of  state-of-the-art  and  Trends) 

-Portugal's  participation  In  the  field  of  Laser  Application  in  Ocean 

Sciences 

With  the  workshop  results  It  was  expected  to  respond  to  the  interest 
expressed  by  SPIE  for  the  organization  of  an  experts  meeting  in  the  topic,  and 

requests  from  the  Association  Europeenne  des  Sciences  et  Technologies  de  la  Mer 

that  Is  too  Interested  In  the  development  of  this  interdisciplinary  field.  This 
workshop  was  equally  successful  and  conclusions  will  be  included  in  the 

proceedings. 

The  degree  of  success  was  also  evident  from  the  spontaneous  offer  for  the 
organizing  of  two  meetings:  one  In  Madeira  -  Portugal,  and  another  In  Dubrovnik 
-  Yugoslavia. 

The  Conference  had  a  larger  audience  that  could  originally  be  anticipated. 

The  computer  records  shown  a  300  participants  registered.  Another  100 

participants  attended  just  some  more  specialized  sessions  and  around  50 
exhibitors  animated  the  exhibition  hall. 

These  450  delegates  came  from  an  Impressive  variety  of  countries: 


Argentina  -  0,7  X 

Austria - 0,3  t 

Belgium - 2,4  * 

Brazil  -  0,3  X 

Canada - 1,0  X 

China - 0,3  X 

Denmark - 1,3  X 

Finland  — - - 1,7  X 
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France - 3,7  X 

F.R.G.  - 5.4  X 

Greece - 0,3  X 

India - 0,7  X 

Italy - 4.7  X 

Japan - 1,3  X 

Llechenstein - 0,3  X 

The  Netherlands  — —  2,7  X 

Norway - 0,7  X 

Poland - 0,3  X 

Portugal  - 53,6  X 

Spain - 6,7  X 

Sweden - 1,0  X 

Switzerland - 0,3  X 

Turkey - 0,3  X 

U.K.  - 0,3  X 

U.S.A.  - 2,4  X 

Yugoslavia  -  0,7  X 

Participants,  In  general,  felt  compensated  for  their  Involvement  and  enjoy 
the  atmosphere.  Ample  opportunity  was  given  to  networking  so  that  reasonable 
hope  exists  towards  the  development  from  contacts  Into  progressive  cooperation 
and  eventually  dissemination  of  the  technologies  discussed. 

The  scientific  and  technological  exchange  as  the  materializing  of 
industrial  Interests  could  be  detected  by  the  various  proposals  presented  during 
Informal  discussions  and  by  the  mall  received  after  the  conference. 

In  summary,  the  results  largely  justified  the  extreme  demanding  efforts 
required  during  organizing  and  running  of  this  conference. 


7  -  Results  and  Conclusion 

The  objectives  of  the  conference: 

-  Valorization  and  dissemination  of  LASER  technologies  In  three  aspects: 

-  Metrology,  detection,  control  and  non-destructive  testing; 

-  Processing  of  materials  and  Increase  of  productivity  of  OSA; 

-  Robotics  and  automation 

were  fully  accomplished. 

The  vitality  and  viability  of  the  Conference  concept  was  reflected  In  the 
number  and  contents  of  the  papers  presented,  the  discussions  and  by  the 
encouraging  number  of  young  scientists  and  Industrialists  participating  and 
authoring. 

This  success  of  the  Conference  can  be  also  evaluated  by  the  number  and 
diversity  of  sponsors  and  co-sponsors. 

From  the  Conference  general  atmosphere  It  was  felt  that  the  relevance  and 
continuous  development  of  LASER  technologies  deserves  a  critical  examination  of 
the  present  status  In  research  and  development  programmer  In  the  field.  In 
particular, .  whether  a  multinational  programne  should  be  considered,  once  almost 


LASER  TECHNOLOGIES  IN  INDUSTRY 

6-7-a  June  1988 - -  PORTO - PORTUGAL 


While  organizing  was  In  progress  It  was  recognized  that  the  scope  of  the 
Conference  would  result  In  a  growth  of  the  size  of  the  event.  This  led  to 
Imnedlate  action  by  a  complete  Informatization  of  the  organizing  and  of  the 
texts  editing  and  of  the  mailing  providing  a  reliable  back>up  reinforcement. 

From  3  parallel  sections  we  were  pushed  to  4  parallel  sessions  plus  poster 
sessions.  Later  the  Opening  session  had  to  be  anticipated.  Specific  Interest  on 
particular  topics  were  better  accommodated  on  two  workshops.  The  Conference  were 
then  extended  from  5  to  9th  of  June. 

The  audience  also  enlarge.  From  the  200  comminlcatlons  around  170  were 
selected.  This  scenario  made  us  to  think  that  the  Conference  should  be  split  up 
between  two  Hotels  pretty  closed.  The  number  of  registered  participants  was 
still  Increasing  so  that  It  was  definitely  moved  to  the  University  campus  to  the 
modern  building  of  the  Faculty  of  Economics.  This  Is  a  rather  appropriate 
building  complex  with  ample  Interior  spaces  and  Interior  gardens  (a  building 
belonging  to  the  National  Patrimony  of  Modem  Architecture!}  where  traditionally 
conferences  are  held  all  year  around  when  supported  by  the  University. 

The  University  of  Porto  was  very  Interested  on  this  Conference  so  that  the 
Opening  session  and  Workshops  where  run  under  the  patronage  of  the  Rectorate  of 
the  University  of  Porto. 
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every  European  country  has  now  Its  own  specific  mobilizing  programme  In  the 
field.  In  parallel,  education  and  training  activities  In  the  field  need  to  be 
reexamined  and  Its  Implications  In  curriculum  development  requirements 
eventually  Identifying  necessities  of  sets  of  cohesive  educational  modules. 

The  workshop  Lasers  Technologies  In  Ocean  Sciences  has  Identified  various 
needs  In  collective  and  synergetic  actions.  In  particular  the  character  of  the 
topics  In  consideration  calls  for  an  European  Conference  proceeding  along  the 
proposed  research  Institute  by  SPIE. 

In  summary,  LASER  TECHNOLOGIES  In  INDUSTRY,  was  a  very  successful 
conference  with  full  achievement  of  the  objectives  established  and  to  the  best 
proof  left  new  and  more  demanding  challenges  to  the  participants. 
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ABSTRACT 

A  short  historical  review,  as  well  as  trends  in  the  laser  industry  will  be 
be  reviewed.  The  major  portion  of  the  paper  will  sumnarize  specific  applica¬ 
tions  of  laser  technologies  in  semicondwtor  manufacturing,  material  working, 
laser  radar,  electric  power  cable  manufacturing,  power  recovery  in  gasoline 
refineries  and  nondestructive  testing. 

1.  IN7B00UCTI0N 


The  field  of  electronics  was  created  1^  the  invention  of  the  vacuum  tube 
at  approximately  the  turn  of  this  century.  The  heart  of  electronic  technology 
is  the  device  that  amplifies  the  flow  of  an  electron  stream  (electrical  current) 
either  in  a  vacuum  (i.e.,  the  vacuum  tube)  or  in  a  solid  (i.e.,  the  transistor 
where  the  flow  of  positively  charged  "hole"  can  also  be  controlled  with  appro¬ 
priate  configurations).  The  word  "electronic"  was  created^  adding  "ic"  at 
the  end  of  the  word  "electron."  Since  laser  devices  amplify  the  flow  of  a 
photon  stream  (light),  the  laser  can  be  considered  to  be  the  heart  of  the 
technology  that  has  been  called  quantum  electronics  in  the  past.  More 
recently,  some  technologists  hove  carried  this  analogy  one  step  further  and 
encoo^ssed  the  field  of  quantum  electronics;  including,  lasers,  opto-electron- 
ics,  electro-optics,  acousto-optics,  fiber-optics  integrated  optics,  nonlinear 
optics,  etc.,  into  the  new  term  "photonics"  by  adding  "ic"  at  the  end  of  the 
word  "photon." 

One  should  not  jump  to  the  conclusion  that  electronics  and  photonics 
technologies  conpete  against  each  other,  instead  of  coepeting,  these  two 
fields  complement  one  another.  Photonics  is  heavily  dependent  on  electronics 
technology.  Photonics  is  useful  for  those  tasks  that  cannot  be  performed  by  - 
electronics  technology.  By  performing  such  tasks,  photonics  has  already 
created  new  segments  of  existing  Industries,  and  by  doing  so,  photonics  is 
further  expanding  the  base  of  electronic  technology. 

One  cannot  help  but  notice  the  analogy  between  the  role  played  by  gas 
lasers  and  optically  pumped  solid  state  lasers  in  developing  tlie  industrial 
base  of  lightwave  technology  during  the  beginning  of  the  field  of  quantum 
electronics  and  the  role  played  by  vacuum  tubes  in  developing  the  industrial 
base  of  the  radio/microwave/  millimeter  wave  portion  of  the  electromagnetic 
spectrum  during  the  early  days  of  electronics.  In  addition,  one  cannot  help 
but  notice  the  analog^  hetween  the  role  the  semiconductor  diode  laser  and  tte 
transistor  have  play^  and  are  continuing  to  play  in  developing  the  industrial 
base  of  their  respective  spectral  regions. 
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ABSTRACT 

Modem  societies  are  at  present  in  a  critical  period,  i.e.  confronted  with  problcnis  of 
technological  and  structural  change.  The  solution  of  these  problems  requires  the  rea¬ 
sonable  allocation  of  capital,  qualilied  workforce  and  organizational  infrastructure. 
Particularly  the  human  workforce  in  applied  research  and  development  can  provide  im¬ 
portant  contributions  to  technological  competitiveness,  'fherefore,  human  factors  and 
behavioural  patterns  should  as  well  be  considered  relevant  features  in  resource  allo¬ 
cation.  Even  societies  with  long-lasting  scientific  and  cultural  traditions  may  fcqiiire 
better  analysis  and  adoption  of  factors  like  co-operation  and  self-organization,  intuition 
and  motivation  for  high-tech  development. 

'Ilte  connecting  link  between  the  resource  components  capital,  workforce  and  organ¬ 
ization  is  determined  by  information  technology  as  both  the  specific  agent  of  historical 
change,  and  the  '  asis  for  new  developments.  The  provision  of  information  in  the 
meta-industrial  society  can  influence  patterns  of  innovation  and  diffusion,  and  lead  to 
new  perceptions  of  resource  allocation.  The  behaviour  of  scientists  and  consumers  will 
be  stimulated  by  the  professional  dissemination  and  quality  of  knowledge.  Ihe  exploi¬ 
tation  of  human  resources  can  compensate  limited  resources  in  the  financial  and  tech¬ 
nical  fields  by  means  of  enhanced  information  and  promotion  mechanisms. 
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I N  I  [ciRA  I  I  ON  AND  CONVERGENCC  Of  ICCHHOlOGIES  -  A  rilALLENGE  fOR  EUROPE 

Werner  uobbe 

CoainiAsion  of  (he  European  fOuaunUiei 
OG  XII,  fASI  Prograene 
Rue  de  la  Lot  200,  8~10A9  Brussels,  Betgiun 

ABSIBACT 


In  this  paper  a  long  tero  fusion  of  aii  croeEet  Iron  i  c  s ,  photonics  and  functional 
■at er i at s  in  basic  product  coaponents  is  assuaed.  Application  fields  are  the  opto- 
electronTcs  in  devices  of  coaaun i cat  ion  technologies,  sensors,  laser  inforaatlcs  and 
■easureaent  and  control  technologies  in  general.  This  aoveaent  is  called  the  fusion  of 
basic  technolo  ieal  faailies  or  opt oaat roni cs  in  a  study  for  the  fASt  Prograane  of  the 
Coaaission  of  the  European  Coaaun it  Ses.  The  dcvelopaent  touards  opt oaat ron i c s  is  seen  in 
the  long  tera  as  iaportant  as  the  aoveaent  towards  aechatronics  (the  integration  of 
electronics  in  aechanical  products)  which  occurred  since  the  aid  70*s  and  was  put  into 
effect  by  industrial  policies  in  Japan.  ft  has  caused  turbulent  iapacts  in  aechanical 
engineering,  aachine  tools,  fhe  clock  and  watch  industry  and  precision  engineering  in 
Europe.  The  sane  turbulent  iapacts  aight  arise  for  industries  affected  by  optoaatronic 
developaent.  This  should  be  counteracted  by  the  appropriate  industrial  policies. 

1 .  IWtWOOUCTlOW 

In  addition  to  other  areas,  the  research  prograane  for  Forecasting  and  Assessaent 
in  Science  and  Technology  *  FAST  *  of  the  Coaaission  of  the  European  Coanunities,  DG  XII, 
has  studied  the  industrial  prospects  for  the  “technologies  of  light"  -  ai c roe  I ec t roni c s ,  ' 
product  applications  and  new  aaterials.  In  particular,  the  European  research  network  for 
technologies  of  light  has  concentrated  its  efforts  on: 

lasers  and  their  accessories 
fibre  optics  and  accessories 

.  systeas  for  the  capture,  processing  classification  and  exploitation  of  iaage  data. 

The  outcoae  of  this  scanning,  assessaent  and  forecasting  activity  shows  the 
iaportance  of  this  technological  faaily  for  industrial  purposes'  which  has  been  over¬ 
shadowed  by  aicroelectronics .  In  resuaption  of  these  facts  and  consideration  of  other 
studies  conducted  by  the  research  prograane  ained  at  RIP  policy  consultation,  a  dossier' 
has  been  established  which  points  out  the  strategic  relevance  of  the  fusion  of  basic 
technological  faailies  and  its  industrial  iapacts. 

A  central  aessage  of  that  dossier  is  that  in  addition  to  the  process  of  introduction 
aicroelectronics  into  e t ec t roaechan i ca I  products,  a  siailar  process  will  occur  with 
technological  faailies  which  have  already  or  will  strongly  enter  into  traditional 
■anufactured  products.  They  will  substitute  other  technologies,  create  new  products  or 
iaprove  the  functions  of  traditional  products.  These  new  technological  faailies  are 
light  (optical  technologies  or  photonics)  and  functional  aaterials.  As  already  stated, 
the  fusion  of  bas i c  t echnol og i es  (electronics,  photonics  and  functional  aaterials)  in 
coaponents  and  the  integration  of  those  coaponents  into  products  is  called  the  aove 
towards  optoaat  ron i c  related  industries. 

It  is  assuaed  that  technological  fused  coaponents  will  be  just  a  part  of  a  bigger 
product.  Siailar  to  the  chip  is  the  heart  of  aicroelectronics  as  a  coaponent  for  a 
calculator,  aachine  tools,  CNC  control,  etc.  Optoaatronic  coaponents  will  be  integrated 
in  products  like  aeasureaent  instruaents,  coaaunicat ion  facilities  or  household  equipaent. 
They  will  particularly  go  into  products  or  areas  where  today  already  electronics  have  had 
a  breakthrough  because  fused  coaponents  are  associated  with  inforaation,  coaaun i cat i on 
»_nd  cjjntrol  functions.  - ‘ - 

the  aove  towards  the  fusion  of  basic  technologies  ano  its  integration  with  traditiona 
products  is  not  directed  towards  a  single  industry.  like  a i c r oe I ec t ron i c sC  it  influences 
a  broad  range  of  industries  and  can  be  called  a  generic  or  basic  technology. 

' •  !ME  INTEGRAl I Ow  Of  lECMWOE OG I E  S 


Ihe  integration  and  combination  of  technologies  is  a  well-known  historical 
phenoaenua.-  Bui  it  has  now  accelerated  its  pace,  ana  will  do  so  furiher.  the  traditional 
automation  technologies  in  factories,  as  wetl  as  in  households  (washing  machines,  air 
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OL’XXCAJL.  AKO  1^A5?E1?  'riiOU  NOX^OO  lESiJ 
•  Th*  Next  2S  Years  • 

ABSTRACT 

Tbe  past  Z5  yeais  of  optical  and  laser  technologies  have  seen 
optics  transforaed  from  a  last-century,  "dead"  subject  into  a 
leading-edge  technology,  optoelectronics  arise  from  the  marriage  oi 
optics  and  electronics/microelectronics,  and  lasers  discovered  and 
developed  into  useful  tools  for  science,  engineering,  medicine,  and 
industry.  The  next  25  years  will  see  these  technologies  matuie 
and  show  their  full  capabilities.  At  least  one  expert  has  sf.i(fd 
that  within  20  years,  virtually  all  signals  will  be  transmJtte-i 
optically.  They  will  likely  be  processed  and  stored  optically  .is 
well.  Lasers  will  dominate  industrial  operations,  many  aspects  of 
science  and  medicine,  and  commercial  fields.  In  this  p>apei-  we  will 
review  the  major  conjectures  respiecting  tbe  next  25  years  of  these 
technologlem  which  may  be  made  from  extrapolations  of  present 
knowledge,  with  emphasis  an  ladOstrlal  and  manufacturing  applica¬ 
tions  of  laser  technology. 

These  conjectures  are  as  follows,  without  regard  for  their 
potential  algal flcancee; 

»  Mo  really  new  types  of  lasers  will  appear;  existing  typts  will 
continue  to  evolve,  with  strengthening  tiends  toward  simpler, 
more  compact,  more  reliable,  lower-cost  designs. 
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^REA  :  Avallacao  das  Aplicacoes  Industrials 

'TEMA  :  Entrepreneurial  aspects  for  industrial  applications  of  laser 

(Subject)  technologies. 

RESUMO  :  In  order  that  Industrial  applications  of  laser  technologies, 

(Abstract)  or  other,  oajr  be  successful  in  the  aarkets,  it  becones 

mandatory  that  they  meet  usual  accomplishment  criteria  in  the 
entrepreneurial  world. 

With  that  purpose  it  should  be  namely  taken  into  account  some 
factors,  mentioned  in  the  coomunication ,  such  as,  the  develop¬ 
ment  of  favourable  conditions  to  remove  the  difficulties 
involved  for  various  levels  of  change,  so  the  acceptance  and 
implementation  of  innovations;  the  practice  of  industrial 
projects  discipline,  the  respect  for  their  requirements;  the 
knowledge,  acceptance  and  good  use  of  the  conditions,  organiza 
tion  and  rules  that  characterize  the  financial  markets;  the 


strategy  and  top  management  basic  concepts. 
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Abetract: 

In  this  paper  ue  propose  an  optical  design  for  inplenentatioo 
of  neuronic  Hopfield  netvork.  Ve  use  nagneto-optic  spatial  light 
aiodulator  end  incoherent  light.  Ve  describe  the  algorithn  end  its 
potcntiel  peeeihilitiee  es  eetocietive  (or  content  addressable) 
■eaory.  Ve  then  deecribe  the  opticel  set  end  explening  its  operating 
node: 

The  operating  speed  is  evaluate  including  the  characteristics 
of  the  SLN  "Sight-Nod"  Bade  iron  8EHETEX  corp.:  the  maxinun  operating 
freguency  is  liaitcd  by  the  speed  of  the  optical  valve. 

The  lov  transparency  dynanic  of  the  SbN  prevent  to  achieve  an 
exact  experinantal  realisation  of  the  theoretical  algorithn.  The 
optical  nodal  is  anyway  efficient  but  it  is  necessary  to  know  its 
operating  noise.  Ve  describe  this  perturbations  by  analysing  the  two 
learning  node  that  are  able  to  be  nade  in  the  experinent. 

SHORT  RSmENCES: 
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AN  EXlPBRIMENTAL  ANAL^IS  OP  NATURAL  CONVECTION 
IN  A  ONE-SIDED  HEATED  VERTICAL  CHANNEL 
WITH  HOLOGRAPHIC  INTERFEROHBIRY 

t.  Yal9]Ln  URALCAN,  Osman  F.  GENCELI 

Faculty  of  Mechanical  Engineering,  Istanbul  Technical  University 
Istanbul,  Turkey 

SUMMARY 

Natural,  forced  or  nixed  convection  in  vertical  parallel-plate 
channels  has  received  a  fair  amount  of  attention  in  the  heat 
transfer  literature,  due  to  its  importance  in  electronic  cooling 
applications.  In  this  work,  an  experimental  analysis  of  natural 
convection  heat  transfer  in  an  open-ended  vertical  channel  has 
been  performed,  with  either  vmiter  or  air  in  the  channel  and  in 
the  ambient  which  siarounds  the  channel.  Governing  heat  transfer 
mechanisms  and  the  temperature  distribution  in  and  out  of  the 
channel  are  observed  by  holographic  interferometry. 
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HOLOGRAPHIC  EVALUATTON  OF  STIFFENER  CONFIGURATION  IN 
WATER  BOXES  OF  AN  INDUSTRIAL  HEAT  EXCHANGER 


Chandra  Shakher,  A.O.  Baone  and  G.  Venkata  Rao, 
Experlaiental  Stress  Analysis  Group, 

BHEL,  Corporate  R  and  0  Division, 

Vlkasnagar,  Hyderabad  -  500  593* 

( INDIA) 


ABSTRACT: 


Holographic  Interferometry  (HI)  has  proved  to 
be  very  powerful  tool  for  non-destructive  testing/evalua¬ 
tion  of  many  engineering  components.  This  paper  presents 
details  of  an  experimental  study  on  various  stiffening 
configurations  in  the  water  box  plates  of  industrial 
condensers  having  complicated  geometry.  The  cover 
plate  is  clamped  at  the  edges  and  loaded  by  transverse 
fluid  pressure  uniformly.  It  is  highlighted  that  the 
effect  of  the  behaviour  of  the  gasket  between  the  cover 
plate  and  water  box  shell  on  the  deformations  can  be 
predicted  easily  and  realistically  by  using  holographic 
Interferometry  on  a  perfectly  simulated  model.  It  may 
be  stated  that  a  study  including  the  gasket  behaviour 
using  finite  element  technique  is  very  complex  and 
expensive  due  to  non-linear  behaviour  of  gasket. 

Details  of  'exact*  simulation  of  the  gasket  in  the  test 
model  along  with  those  of  holographic  analysis  are 
given  in  detail. 
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HOLOGRAPHIC  DATA  REDUCTION  PROCEDURE 
FOR  TOMOGRAPHIC  STUDY  OF  CONVECTIVE  HEAT  TRANSPORT 


SUMMARY:  High  resolution  multidirectional  holographic  interfe¬ 
rometry  using  fringes  of  finite  width  provides  data  for  the 
reconstruction  of  the  temperature  field  in  a  convective  air 
flow  of  a  specially  designed  heat  source  which  allows  to 
introduce  certain  deviations  from  a  cylindrical  flow  symmetry. 
The  aim  of  this  investigation  is  to  adapt  an  appropriate 
reconstruction  method  of  the  interferometric  data  in  analogy 
to  the  X-ray  computertomography  in  medicine  which  gives 
sufficiently  agreement  with  directly  measured  spatial  tempera¬ 
ture  profiles.  For  the  solution  of  this  problem  various 
inversion  techniques  are  possible  in  principal.  One  of  the 
most  prominent  is  applied  to  our  holographic  data,  the 
convolution  method.  The  data  gathering  is  achieved  using  a 
videocamera  with  frame  store  and  recording  interferograms 
within  a  range  of  nearly  180  degrees.  The  finite  fringe 
interferograms  are  subject  to  a  fast  Fourier  transformation, 
thus  yielding  increased  accuracy  of  the  determined  phase 
distributions,  which  serve  as  projection  data  for  reconstruc¬ 
tion.  The  results  obtained  by  the  tomographical  procedure  are 
compared  to  the  directly  measured  temperature  values. 


A  ftevv  Full-Field  Phase  Shift  riethod 
for  Holographic  Interferogiarn 

Y.  Y.  Hung,  X.  Zhang.  F.  s.  Chau  and  j.  T.  Ke 
Department  of  Mechanical  Engineering 
Oakland  University 
Rochester.  Ml  48309-4401 


There  are  many  instances  In  holographic  interferometr/  in  v.hicr. 
Insufficient  data  Is  obtainable  from  the  interferogram.  An  example  is 
when  It  Is  difficult  or  undesirable  to  Impose  a  hi^  enough  load  on  the 
component  under  study.  The  fringe  pattern  consequently  Is  very  sparse  sna 
the  fringe  order  between  the  fringes  cannot  be  accurately  determinea  by 
Interpolation. 

In  this  paper,  a  new  method  for  determining  the  fringe  order  at  every  pGint 
in  ah  holographic  interferogram  is  presented.  The  technique  is  based  o**'- 
being  able  to  'shift*  the  fringe  pattern  so  that  a  fringe  is  made  to  he  on 
the  point  of  interest  This  is  equivalent  to  a  full-field  phase  shift  method, 
with  the  amount  of  shift  required  being  a  measure  of  the  fractional  fnnqe 
order  at  the  point 

The  experimental  set-up  and  procedure  are  similar  to  those  for 
conventional  double-exposure  holographic  Interferometry  except  that  two 
reference  beams  are  employed  and  during  re-construction,  the  plane  of 
polarisation  of  one  the  reference;beams  is  altered  A  quarter-wave  Plate 
and  polariser  are  placed  In  the  viewing  plane.  The  fringe  pattern  can  oe 
made  to  appear  to  shift  by  rotation  of  the  polariser. 

The  experimental  technique  and  some  typical  results  are  presented  or^d 
discussed. 
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SOME  MSH  TKCHMIQOSS  tllTH  OIOITAL  SPECKUC  PATTERN  INTERFEROMETRY 

R.S.Sirohi,  A.R.Gaadsam  and  M.P.Kothlyal 
Applied  Optics  Labcratary 
Oepartaent  of  Physics 
Indian  Institute  of  Technology 
Madras  600  036.  INDIA 

Abstract  : 

Digital  Speckle  Pattern  Interferometry  (DSPI)  has  evolved 
as  a  useful  tool  for  a  number  of  engineering  applications.  We 
have  implemented  DSPI  using  a  commercial  'Intellect  100'  image 
processing  system  coupled  to  a  PDP-11/23  micro-computer.  A 
number  of  new  techniques  that  have  been  developed  using  this 
system  and  the  experimental  results  obtained  will  be  presented. 


In-niiu  lnve«ti9ations  of  OoforiMtiOAO  of  Njtiirol  Stones 
by  RIoctrnnic  Speekto  Pattern  tnterferoiftetry  leSPTI 

G.  Gtilkeri  K.  Hinnch*  C.  H61echer*  A.  Krancr«  H.  Neunaber 
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ABSTRACT 

Due  to  environmental  atreaaea  like  eeatherin9  and  pollution  the  deterioration  of 
historical ly  valuable  monumenta  increaaea.  A  compact  and  mobile  ESPt  ayatem  is  conficurated 
and  described,  uhich  alJoea  the  inveatisation  of  defonaationa  in  atones  and  uaJIa  in  situ. 

A  first  aieaaureaient  directly  at  a  wall  is  presented. 

I.  IHTROOUCTHW 

As  a  result  of  environmental  atreaaea  like  weathering  end  air  pollution  the  deteriora¬ 
tion  of  human  cultural  heritage  such  as  buildings,  churches  and  monuskents  of  natural 
stones,  mural  paintings  etc.  growa  permanently*  These  damages  are  very  alarming  due  to  the 
fact  that  the  SMnusMnts  and  works  of  art  represent  irretrievable  treasures  of  artistical 
and  historical  cultural  originality.  They  are  in  eztreme  danger  since  the  coniinttously 
changing  conditions  of  moisture,  temperature#  and  pressure  act  in  cosibination  with  pollu¬ 
tion  influences  like  SO^,  N0«,  CO»  etc.  Thie  leads  to  chemical  and  |»hysical  processes  that 
produce  shearing  forces  in  the  heterogeneous  stone  material.  The  great  number  of  environ¬ 
mental  atress  cycles  may  finally  be  responeibte  for  the  genesis  of  irreversible  dastages 
such  as  cracks  or  fracture.  Such  damages,  for  ezample*  can  be  seen  in  fig.  I. 


Figure  I.  Damages  like  erseks  end  lulled  regions 
at  a  Christ  statue  in  Oberpla&chheim#  southern  part 
of  FRG.  (Photograph  by  IBACR  Steinfconeervierung, 

Remscheid,  FRGl. 

TIk*  investigation  of  the  deteriorat ion  processes  ie  of  great  isgwrtance  to  develop  suit- 
nl»le  mnflMtds  of  preservation  and  protection  to  prevent  further  decay.  To  study  the  dynamics 
of  MtoMc  defrirmat ion  elect ronir  speckle  pattern  interferometry  is  a  distinguished  real-time 
method  whirh  «i  I  lows  non-desl rnrt I ve  measurements  in  the  order  of  magnitude  of  one  wave- 
of  the  I J  luminal  in<j  light  used. 

2.  PRINCIPAL  COWriCURATlOH  FOR  pefOWHATlOtl  HEASUWgWEIITS  BY _ES^ 

When  the  rough  surface  of  a  n.'itural  stone  sasg>le  is  illuminated  coherently,  a  speckled 
IS  formed,  which  is  charact  er  ist  te  of  this  surface.  Deformation  of  the  surface  causes 
.t„  .44,nrditui  shift  of  tins  pattern.  To  measure  changes  of  the  order  of  luir  wavelength  re- 
.ftiii'cM  the  su|h*i(sihiI  ion  of  .1  reference  wave  for  out -of -plane  displacement  s  or  »  hi*  us«*  *»f 
iwo  illuminating  w.«v«*fronts  for  in-plaiie  displacement  s* .  The  r«*sulting  inlensily  p.illein  of 
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flEASWenENI  OF  m  VELOCnir  AND  SUE  OISTRISUTION  OF  OROPIEIS 
ANO  OF  IHEIR  STATISTICAL  CORRELATION 

H.  BMNA6E 

UiiiLut  d«  MtanidiM  A«i  Fluid** 

2.  ru*  BouMingauU.  F(7083  Straibdurt  C*dcx,  Franc* 

A8STBACT 

AIllMugh  Uw  a*tliadf  «ff*d  to  *«**ur*  th*  tf*l«cit)r  and  six*  el  *0*1*9  particloa  ar*  very  ditioront 
aad  Iwnc*  aak*  u«*  of  loparat*  apiHraliit,  it  1*  efUn  yosiibl*  to  obUia  both  ibtbmiion 
iioultanooufly.  Tbo  baiic  oquipooat  r*^t«d  lor  tbis  tocbaiqu*  ii  a  itaadard  laaor  doypUr  anoaeoattr 
to  uhich  too  tiight  aodificatioas  ar*  brought:  tb*  pbotooultiplior  if  i*t  1*  ao  to  viou  tb*  acatwring 
volua*  at  right  angltf  aod  it*'*  pia-hol*  i«  ropltcod  by  a  flit,  1*  tboo*  condition*,  Ui*  *l*ctrical 
output  of  Ui*  pbotooultiplior  can  b*  b*ft  iaUrprttad.  Th*  lUtictlcal  corrolation  botu***  tb*  rclocity 
fluctuation  of  th*  partici*  and  that  of  it*  diaaotor  i«  obtained  by  coapuling  th*  joint  probability 
density  function  of  the**  variablo*  froa  th*  probability  density  of  th*  velocity  and  the  conditional 
,'obability  density  of  th*  peaks  of  th*  envelop*. 

This  aetbod  doe*  not  require  nuch  investaent  on  the  optics  vhich  it  standard;  th*  effort  it  hovever 
trantfered  t«  tb*  electronict,  data  acquisition  and;digital  processing.  Although  it,  it  at  pretent  lett 
accurate  than  that*  bate  on  Frauaheffer  diffraciion  and  gives  relative  values  tinea  it  aust  be 
calibrated,  it  ha*  th*  advantage  to  yield  the  velocity  and  sixe-velocity  correlation,  Horoover  the 
electronict  can  still  be  iaproved  and  the  processing  speed  increased  by  th*  use  of  a  last  coapiled 
language. 


I.  INTROOifCTlON 

Th*  aetrology  of  fluid  dynanict  seeas  to  have  been  one  of  the  nost  tuccetttful  applications  of  later 
technology.  This  it  due  to  th*  fact  that  th*  exploration  of  flovt  by  this  nethod  is  non  intrusive  at  is 
aet  tb*  case  vith  traditional  instruaents  such  at  pitot  tubes  and  hot  uire  aneaoaetcrs.  Th*  very  nature 
of  the  later  vbicb  concentrate  coherent  light  on  a  nearly  parallel  beaa,  reduces  energy  losses  and 
aaket  it  possible  to  us*  lev  energy  generator*,  tloreover  the  analysis  of  the  light  scattered  by 
parttcles  (provided  that  they  ar*  spherical)  is  siapler. 

The  Later  Doppler  Aneaoactry  is  probably  th*  first  laser  technique  used  (or  velocity  neasureaents. 
At  its  earlier  stag*,  only  on*  coaponent  of  the  seen  velocity  vector  vas  aeatured  but  this  uas  soon 
extended  to  tvo  coaponent*  by  using  a  tvo  color  laser  beaa  and  no«  to  the  fluctuating  velocities  in 
•rbulent  flovt. 

Although  it  vat  veil  knovn  that  th*  light  scattered  by  aoving  particles  contained  inforaation 
concerning  their  size,  it  is  only  later  that  aethods  ver*  proposed  to  extract  it  froa  the 
phototransducer  output.  These  aethods  fall  into  tvo  classes;  the  first  it  bated  on  the  concept  of 
‘visibility  of  fringes*  and  is  only  valid  lor  particles  vith  diaaeters  not  too  different  froa  the  value 
of  the  interiringe  (FARMER  *),  th*  second  one  dravs  th*  size  froa  the  pedestal  signal. 

The  nethod  described  her*  belongs  to  this  last  technique.  It  has  been  retained  because  the  optical 
signal  is  obtained  froa  a  standard  L.O.A  apparatus  only  slightly  aodified  such  at  to  reduce  the 
influence  of  th*  paths  of  the  particles  on  the  phototransducer  output,  The  latter  it  conditioned  in 
order  to  to  separate  inforaation  relevant  to  velocity  froa  that  relative  to  size.  The  tvo  resulting 
signals  ar*  then  processed  to  yield  th*  various  data  concerning  velocity  and  size. 
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ABSTRACT 


PartlcX*  slxlng  Inatruaanta  are  uead  In  many  araas  of  applied  acience 
and  engineering. -  In  the  flelda  of,  for  example,  fuel  nozzle 
development,  oombuatlon  engineering,  oavltatlon  reaearch  and  particle 
monitoring  there  la  a  .need  for  nonintrualve  meaeurementa  of  particle 
dynamloai  alze,  velocity  and  concentration  dlatrlbutiona.  Optical 
inatruaenta  are  nonintrualve  and  provide  the  capability  of  accurate 
meaeurementa  with  high  temporal  and  apatlal  reaolutlon. 

Inatruaenta  for  coablned  alze  and  velocity  meaeurementa  baaed  on 
extenalona  to  a  Laaer  Doppler  Anemometer  have  been  under  development 
for  many  yeara.  The  recent  Introduction  of  the  phaae-Ooppler  method 
repreaenta  a  major  Improvement  In  the  quality  and  reliability  of  theae 
Inatruaenta,  Compared  to  prevloua  LOA  baaed  particle  alzlng 
Inatruaenta  the  phaae-Ooppler  technique  haa  a  number  of  advantageat 
very  vide  dynaalo  range  from  alorometer  to  millimeter  alzed  partlolea, 
high  aoouraoy,  In-altu  calibration  unneceaaary  and  Inaenaltlvlty  to 
optical  dlaturbancea.  Theae  characterlatlca  permit  meaeurementa  to  be 
4a  In  harah,  prevloualy  unmanageable  envlronmenta.  ' 

The  phaae-Doppler  Inatruaent  comblnea  optical,  electronic  and  computer 
technologlea.  The  preaent  paper  deacrlbea  the  operating  prlnciplee  and 
featuree  of  the  Inatruaent,  Scattering  of  laaer  light  by  apherlcal 
partlclea  la  deacrlbed  aa  neceaaary  for  underatandlng  the  baalo 
prlnciplee  of  operation.  Additionally  a  method  of  concentration 
aeaaurement  (ref, S)  baaed  on  automatic  charaoterleatlon  of  the 
Inatruaenta  aeaaurement  oroaa  aectlon  la  deacrlbed. 

The  eleotronlo  portion  of  the  Inatruaent  muat  meaaure  the  frequency  and 
phaae  of  high  frequency  tranalent  algnala,  which  may  have  a  large  nolae 
component  when  meaaurlng  In  aevere  envlronmenta.  A  unique  electronic 
prooeaacr  baaed  on  correlation  praceaalng  technlquea  haa  been  developed 
for  thla  purpoae.  The  operating  prlnolplea  and  featuree  of  the 
eleotronlca  are  deacrlbed. 

Laatly  application  of  the  Inatruaent  to  the  aeaaurement  of  the  droplet 
apray  field  from  an  atomizing  nozzle  la  deacrlbed.  The  aeaaurement 
)aulta  Include  the  alze,  velocity  and  concentration  dlatrlbutiona  of 
the  dropleta  at  a  number  of  poaltlona  relative  to  the  nozzle  exit. 
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Particle  size  and  an  velocity  measuremeat  on  flows  of  opaque 
or  non  transparent  aoherical  particles  bv  laser-JoDPler-ane- 
mometrv;  problems  of  practical  application 


K.  Bauckhage,  u.  Fritsching,  J.  Heuermann,  G.  Schulte 
University  of  Bremen,  Verfahrenstechnlk/FB  4 
2800  Bremen  33,  F.R.  Germany 

Abstract  of  a  paper  for: 

Laser  Technologies  in  Industry, 

6.-8.  June  1988,  Porto/Fortugal 

In  many  applications  of  fluid  atomization  there  is  a  high 
dememd  for  point  or  overall  measured  data  of  size  and  flux 
of  the  liquid  or  solidified  drops.  For  a  few  years  the 
phase-Doppler-method  (LDVS)  besides  of  the  Visibility/ 
Intensity-method  has  proofed  out  as  a  very  usefull 
instrument  for  the  analysis  of  such  spray  situations.  In 
spite  of  the  well  known  velocity  measurement  of  particles  by 
laser-Ooppler-anemometry  the  particle  sizing  by  this  method 
is  more  complex  and  ask  for  both  a  more  sophisticated 
electronic  signal  processing  and  above  all  a  knowledge  of 
the  optical  character  of  the  particles  under  observation. 
The  paper  shows  the  Influence  of  the  refraction  character  of 
different  spherical  particles  on  the  necessary  evaluation  of 
Phase-Doppler  data.  After  a  brief  description  of  the  Phase- 
Doppler-method  Including  the  basic  physical  principles  it 
will  be  shown  the  Phase  difference  dependency  of  doppler 
bursts  on  different  photodetector  positions  on  one  hand  and 
on  the  refraction  index  and  particle  size  on  the  other.  For 
both  transparent  and  non  transparent  particles  there  will  be 
compared  the  results  of  the  complex  Mie  light  scattering 
calculations  with  simplified  geometrical  based  calculations 
and  experiments  to  find  out  dection  angles  which  give  unam¬ 
biguous  particle  size  informations  and  in  addition  allow  an 


1 


experimental  arrangement  as  simple  as  possible.  The  results 
show  that  in  many  cases  where  particles  are  not  total  trans¬ 
parent  a  back-scatter-arrangement  of  the  photo-detectors 
should  be  possible.  Although  the  requirement  of  particles 
sphericity  may  restrict  the  applicability  of  the  phase- 
Ooppler-laser-anemometry  we  should  confirm  that  very  often 
in  multiphase  flow  systems  the  dispersed  particles  are  drops 
or  bubbles  or  if  solid  have  a  spherical  shape.  In  the  latter 
case  we  only  need  a  sufficient  smoothness  of  particle 
surface.  The  experimental  results  presented  here  are 
obtained  from  measurements  on  sprays  of  very  different 
fluids,  i.e.  water,  oil,  enamel  paint  and  molten  metal. 
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ABSTRACT 

Kaolin  suspensions  have  been  the  subject  of  inany  research  works,  not 
only  for  Its  industrial  Importance,  but  also  for  being  particularly 
adequate  for  studies  of  particle/particle  interaction,  which  in  turn 
can  be  easily  controlled  by  changing  the  properties  of  the  suspending 
medium. 

It  has  been  shown,  through  rheology  and  sedimentation,  that  the  floe, 
rather  than  the  primary  particle,  is  the  fundamental  unit. 

The  development  of  laser  diffraction  techniques  for  particle  sizing 
has  provided  a  new  and  easy  way  of  tracing  the  formation  and/or 
destruction  of  the  floes.  A  systematic  study  of  the  Influence  of  PH, 
time  and  agitation,  has  been  carried  out  using  a  laser  granulometer 

(Malvern  2600)  demonstrating  that  this  technique  can  follow  the 

.»• 

phenomena  occurlng  in  the  suspen.sion.  ’* 

It  is  believed  that  this  kind  of  equipment  represents  a  promising 
tool  for  a  better  insight  of  the  flocculation  process. 


*  Chemical  Enginee>ung  OepoAlmetU 

**  UitUng  EngineeAlng  Pepanimenl 
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ABSTRACT. 


Since  1970  high  powered  lasers  have  been  used  in  industry  for  cutting,  welding  and 
surface  treats^ent.  These  operations  are  normally  automated  by  some  form  of  pre-programmed 
oporatlon.  None  of  the  existing  industrial  systems  incorporates  process  quality  feedback 
control.  The  operating  routines  are  all  prefixed  regardless  of  possible  undeslred  changes 
requiring  resetting  of  those  conditions  during  operation.  As  a  result  the  quality  of 
pr^ucts  can  not  be  guaranteed  except  by  past  experience.  This  problem  has  become 
Increasingly  apparent  to  industry  and  research  scientists,  particularly  now  that  it  may  be 
soluble.  Hany  attempts  have  been  made  to  find  a  solution;  so  far  they  have  served  to 
show  that  the  task  is  complex. 

This  paper  reviews  previous  achievements  in  laser  automation  and  process  feedback 
control.  It  discusses  some  of  the  techniques  which  might  be  employed  for  future 
developments. 

1.  INTRODUCTION: 

Not  only  is  the  laser  a  new  source  of  industrial  energy  but  automation  has  also  advanced 
into  new  regions  of  sophistication.  Open  loop  control  has  been  with  us  since  tho 
industrial  revolution,  likewise  some  forms  of  closed  loop  control  based  on  simple 
mechanical  devices  such  as  a  speed  governor  on  an  engine.  However  the  implications  of 
closed  loop  control  have  expanded  beyond  the  imagination  of  our  fathers  with  the  advent  of 
the  computer  at  prices  which  can  be  afforded  for  dedicated  machinery.  Larger  computer 
memories  and  higher  computer  apeeds  have  only  recently  opened  up  the  possibility  of  a  closed 
loop  on  the  processing  logic  which  leads  to  a  fora  of  artificial  intelligence  -  or  a  machine 
which  learns  from  experience.  The  laser  opens  up  unique  possibilities  in  automation. 
This  is  due  to  the  *noise*  free  nature  of  processing  with  optical  power.  The  r^nergy 
delivery  system  has  no  associated  electric,  magnetic,  thermal  or  sonic  fields  other  than 
those  generated  by  the  process  itself.  Thus  the  first  step  in  automation,  that  of 
in-process  sensing,  is  greatly  simplified.  The  optical  power  from  the  laser  can  be  rapidly 
switched,  controll^  or  redirected  fulfilling  the  second  step  required  In  automation.  Thus 
it  has  been  argued  that  the  laser  Is  an  Ideal  partner  for  the  robot. 

This  article  looks  at  progress  which  has  been  made  in  laser  automation  and  process  quality 
control  from  the  point  of  view  of  how  it  was  then,  is  now  ano  possibly  will  be  tomorrow. 


2.  THEN  —  AUTOMATED  OPEN  LASER  PROCESSING  SYSTEMS. 

(Integration  of  the  laser  with  a  work  table  or  robot)  (1,2,3). 

2.1.  Automatic  Operation  -  Speed  and  Positl^^n  Cootrol. 

The  first  application  of  automation  to  laser  processing  was  the  automatic  movement  of  the 
beam  relative  to  the  workpiece.  This  form  of  automation  is  essential  for  successful 
operation  due  to  the  precise  nature  and  high  speeds  involved  in  laser  processing  -  such  as 
cutting,  welding  or  surface  treatment. 

2.1.1.  Automatic  Movement. 

The  choice  was  to  move  the  beam,  the  workpiece  or  both.  Numerous  designs  have  been 
suggested  as  shown  in  fig  1.  The  design  points  which  have  been  found  to  be  Important  are: 

a)  Positioning  Accuracy: 

The  focussed  laser  beam  in  only  around  O.imm  diamotcr,  any  (Jt^viation  ot  utiis  magnitude 
is  likely  to  be  visible  on  a  cut  edge  or  mean  that  a  weld  scam  is  not.  accurately  followed. 
It  has  been  suggested  by  Tight  (1)  that  the  market  for  laser  foU*ts  is  rriticaUy  dependent 
on  accuracy  as  shown  In  fig  2. 


ROBOT  GOIDBO  lASER  FOR  THREE-DIMENSIONAL 
LASER  PROCESSING 


Schralt,  R.D. ,  Hardock,  G.,  Kdnig,  M. , 
Fraunhofar-lnstitute  tot  Manifacturing  Enginaaring  and  Autonation 

(  IPA  ) 

Stuttgart,  Fadaral  Rapubllc  of  Camany 

Abstragti 

Tha  laser  is  a  non-contacting,  forceless  tool  which  is  nearly  free 
fron  wear.  In  regard  to  its  tasks  and  its  potential  for  process 
autoaation  due  to  ease  of  control  of  the  laserparaneters ,  laser 
processing  seems  to  be  predestinated  for  flexible  nanufacturing. 

By  tha  use  of  free  noveable,  robot  guided  lasar-beamguiding- 
systems,  the  laser  as  a  tool,  offers  a  new  potential  for  widely 
varied  tasks.  ^ - — 

In  an  overview  on  existing  concepts  for  lasar-beanguiding-systems, 
the  possibilities  for  laser-beaabandllng  are  discussed  and  system 
oonccptc  of  coupling  lacor-boanguiding-oyotcmo  to  o  robot  oro 
nmnanted .  With  th«  hnin  of  a  pilot  lasorr/n'rlcRtatlon  with  *  r-ohot- 
guided,  free  moveable  laser-bearnguiding-systera,  realised  at  the 
Fraunhofer-Institute  for  Manufacturing  Engineering  and  Automation 
(IPA),  the  different  components  of  a  flexible  laserworkstation  are 
specified.  Basing  on  this  the  principal  explanations  of  robots 
guided  laser-beamguiding-systems  are  introduced.  Different 
kinematic  diagrams  show  the  influence  of  tha  combination  of,.laser- 
beamguiding-system  and  robot  kinematic  due  to  the  workenvelope  of 
the  entire  system.  Investigations  concerning  the  static  and 

Honamlo  hahwvlor  of  tha  Hvntam  will  «hnw  th»  for-  » 

uesign  ui  a  ruxiaui.w  rautti.— uwaiuguiuiiig— syuotim. 

A  consideration  of  the  economy  of  different  laserworkstations 
delivers  economic  indexes  which  show  the  cost  ratio  between  the 
different  variants. 
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ABBTBACT 

In  thii  paper  tha  latar  euttlnf  tochnolo«y  la  ahortly  daaorlbod.  The  hlatory  of  tha  no- 
darn  laaor  cutting  technology  la  ravlawod.  The  laaar  cutting  procaaa  and  Ita  neat  Inportant 
Pdraaatara  am  daacrlbad  briefly.  Finally  tha  tranda  la  the  technology  la  dlacuaaad  brlaf- 


1.  IHTKOOUCTION 

The  laaor  cutting  tachnology  la  today  tha  aoat  wldaapraad  high  power  laaar  procaaalng 
application,  and  nora  than  thouaand  unite  of  typloal  ayatau  oonalatlng  of  a  SOO-l.OBO  watt 
C<h-laa#r  ooablnad  with  a  two-dlaanalonal  CMC-eantrollad  nutting  tabla  am  parfaralng  high 
gaallty,  pmolao  abort  aarlaa  of  ehoat  aatal  nutting,  aainly  In  alld  ataol.  but  alao  in  ot¬ 
her  aatorlala  aa  for  aaaapla  atalnlaaa  atanl  aad  alualnlua. 

Tha  ahaat  natal  laaar  cutting  procaaa  la  a  tharaal  cutting  procaaa  raaultlng  in  higher 
gaallty  and  praolalon  than  any  other  tharaal  cutting  procaaa.  Therefore,  tha  laaar,  although 
It  la  an  oapanalwa  tharaal  heat  aourea,  la  tha  eoaaoo  eholaa,  whan  tharaal  cutting  toola  am 
applied  to  largo,  high  praolalon  CMC-contmllad  ahaat  natal  ahaplng  ayatana. 

Tha  davalopaont  of  tha  laaor  cutting  procaaa  of  today  began  with  tha  dovalopaant  of  tha 
high  power  laeara.  Tha  najor  laaor  for  cutting,  tha  C(h-laaar,  wan  davolopad  in  prlaclpla  In 
1913. Through  tha  following  dacada,  tha  COi-laear  waa  davalopad  froa  tha  Initial  ailll- 
watt  output  laval  to  nultlkllowatf  output  range.  Allraady  a  few  yoara  after  tha  flret  CO, —  • 

laaar  waa  raportad  operating,  laaara  with  an  output  power  of  a  nuffleiant  lawal  for  ahaat 
aatal  cutting  waa  davalopad. 

tavaatlgatlona  In  application  of  thle  CM  laaar  aourea  wore  Initiated,  and  In  1917  the 
application  of  a  coaxially  gaa  jot  for  laaar  cutting  waa  raportad. *■*  In  the  following  10 
yaara,  Induetrlal  CO,-laaara  warn  uaad  aainly  for  cutting  non-natallic  aatorlala,  but  atlll 
tha  Induatrlal  uaa  of  laaara  for  natal  cutting  waa  gulta  llaitad. 

In  1979  the  affect  of  the  laaor  light  polarisation  waa  diaeovorad,*'*  and  the  last  toeh- 
nleal  obatraclo  to  tha  induatrlal  application  of  laaara  for  aatal  cutting  waa  roaovad.  In 
lose  than  one  year  after  tha  dlacovary  of  this  sMjor  paraaotar  in  laaar  cutting,  mflactlvo  C 
phasa-ahlft  alrror  coatings  for  high  power  COb-lasar  beans  wore  available  and  soon  tha  nun- 
bars  of  Industrial  sheet  natal  cutting  systoas  available  as  wall  as  tha  aalas  of  those  sy- 
stasM  Increased  rapidly.  The  ahaat  aatal  cutting  process  was  an  astabllahod  Industrial  pro¬ 
duction  technology  and  tha  laser  cutting  application  snddonly  bocaao  the  aoat  laportant  aar- 
kot  for  tha  high  power  laaar  nanufaoturars. 

The  laser  cutting  technology  Is  however  aora  than  laser  catting.  Industrial  application 
of  this  cutting  tool  ragulros  a  syston  consisting  of: 

-  laser  source 

-  NC-controllod  positioning  aystaa 

-  laser  bean  path 

-  cutting  'tool'  (lons/nossla  aystaa) 

-  process  gas  supply 

In  addition  to  this  production  syston,  an  officiant  off-line  prograaalng  facility  la  la¬ 
portant  to  utlllxa  tha  flexibility  of  tha  nuaarlc  controlled  cutting  aystaa  and  finally  tha 
natorlal  flow  around  the  cutting  syston  la  of  inportanoo. 

i 

To  utilize  tha  guallty,  precision  and  cutting  rates,  obtslnablo  with  a  laser,  strong  da-  ( 
nands  on  tha  spaed  and  rsaolutlon  of  tha  HC-systaa  and  on  the  sccaloratlon,  spaed  and  rigi¬ 
dity  of  tha  positioning  syston  aust  be  satisfied.  It  Is  clear,  that  the  dovalopaant  of  the 
laser  cutting  tachnology  thorafora  not  only  was  depending  on  tha  dovalopaant  of  tha  laser 
source  and  tha  processing  tacnlgua,  but  also  on  the  davolopnant  of  the  coaputor  tachnology. 
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This  paper  presents  a  thermical  modelisation  of  the  laser 
cutting  process,  by  means  of  a  monodimensional  approach 
along  the  direction  of  laser  beam  motion.  This  model,  based 
on  a  finite  differences  method  presents  the  advantage  of 
simplicity.  However,  its  numerical  results  are  satisfactory. 


This  modelisation  is  applied  to  the  case  of  metallic  material. 
We  investigate  mainly,  in  the  case  of  small  thickness  work- 
piece,  the  starting  period  of  the  cutting  process,  temperature 
distribution  along  the  direction  of  the  cutting  front  motion, 
and  especially  the  influence  of  the  exothermic  character  of 
oxydation  reaction.  This  last  approach  shows  a  periodic  beha¬ 
viour  of  the  laser  cutting,  linked  to  the  instability  of  the 
laser  beam/material  coupling  ;  this  instability  is  the  res¬ 
ponsible  of  the  specific  morphology  of  the  surface  cutted  by 
laser,  characterized  by  the  existence  of  periodic  striations 
on  the  cutted  flanks. 


This  study  enables  us  to  understand  some  phenomena  occuring 
on  the  cutting  front,  and  to  correlate  ouFresults  with  the 
observations  of  the  cutting  front  during  the  process,  pre¬ 
viously  made  by  several  authors. 
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Meat  Conduction  and  Mass  Transfer  in  Laser  Cutting 


D.Schudcker,  Technische  Universitat  Wie, Austria 
ABSTRACT 


The  most  important  phenomena  contributing  to  laser  cutting  are 
heating  of  the  workpiece  by  absorbed  laser  radiation  and  exothermic 
reaction,  heat  loss  due  to  thermal  conduction  and  evaporation  and 
melting  of  the  workpiece  in  the  vicinity  of  the  focus  of  the  laser 
beam.  Material  removal  takes  place  since  liquid  material  is  blown 
away  by  the  oxygen  flow  and  due  to  evaporation.  To  obtain  a  deeper 
insight  into  these  main  phenomena  of  laser  cutting  and  to 
understand  their  relative  importance,  heating  of  the  workpiece  and 
material  removal  will  be  closely  regarded  and  analyzed. 

The  first  part  of  the  paper  is  devoted  absorption  of  laser 
radiation  and  their  dependence  on  the  different  parameters  of  the 
cutting  process,  as  wavelength,  polarization,  angle  of  incidence 
and  intensity  of  the  laser  beam  employed  for  cutting. 

In  the  second  part  the  energy  gain  due  to  exothermic  reaction  bet 
ween  oxygen  and  the  material  of  the  workpiece  is  discussed  for  the 
most  important  case,  namely  cutting  of  steel. 

The  third  part  of  the  paper  deals  with  the  analysis  of  the 
temperature  distribution  obtained  in  the  workpiece  under 
consideration  of  heat  gain  as  treated  in  part  one  and  two  and  under 
consideration  of  heat  conduction  and  virtual  cooling  due  to  the 
movement  of  the  laser  beam  over  the  surface  of  the  workpiece. 

Finally,  the  last  chapter  deals  with  material  removal  by  melting 
and  evaporation  and  the  resulting  cutting  speed  and  their 
dependence  on  the  process  parameters.  The  paper  is  concluded  by  a 
di.scussion  of  the  physical  limits  of  laser  cutting  in  terms  of 
maximum  cutting  speed,  ultimate  thickness  and  cut  quality- 
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CONSTRUCTION  OF  HOLOGRAPHIC  MIRRORS  IN  DICHROMATED  GELATIN 

A.  A.  Andrade  ,  J.  M.  RebordSo 

ABSTRACT 

Dichromated  gfelatin  is  a  recording  material  for 
volume  phase  holograms.  A  properly  recorded  and  processed 
hologram  has  a  diffraction  efficiency  approaching  the 
theoretical  limit  of  100%,  high  resolution  and  reduced  light 
absortion  and  scattering,  being  the  best  recording  medium  to 
produce  holographic  optical  elements  However,  the  influence  of 
Biany  of  the  physical/chemical  parameters  on  the  performance 
chiij-actci'i  rt.icE  cf  the  iiclograms  is  unknown. 

Tht  devc 1 opMvnt  cf  Jiolograpkic  mirrors  is  under  way  in 
IciLorn;  ;  ry  Moasurtri  ^  n  tVie  ir.fijen'e  of  som-r  parameters  on 
the  optical  properties  of  the  mirrors  and  methods  for  their 
control  will  be  presented  :  the  degree  of  hardeness  of  the 
gelatin  film,  the  penetration  depth  and  spread  uniformity  of 
the  Cr  ions  in  the  sensitized  film,  the  energy  exposure  and  the 
several  development  batli  temperatures  (hot  and  ambient 
temperature  devel opmciits  have  been  carried  out). 
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DETERMINATION  OF  PRESSURE  CHANGES  IN  FLUIDS  BY  MEANS  OF  GAS  BUBBLES 


H.-St.  Buchkremer.  C.G.  Stojanoff 


Lehr-  und  Forschungsgebiet  Hochtemperaturthermodynamik 
RWTH  Aachen,  Jftgerstrafie  17-19,  D-  51  Aachen 


ABSTRACT 


In  this  paper  we  present  a  new  method  for  the  determination  of  pressure 
fiuctuations  in  a  fluid.  The  objective  is  to  perform  this  determination  without 
any  significant  disturbance  of  the  fluid. 

The  procedure  uses  gas  bubbles  in  a  fluid  and  evaluates  dynamically  the  laser 
light  scattered  by  the  bubbles. 

The  technique  could  be  of  considerable  importance  to  the  study  of  cavitation. 


Laser  speckle  sl*e  and  temporal  transfer  function  in  human  vision 
J.  P^rez*‘Carpinell  and  v.  Climent 

Departamento  Interuniveraltario  de  Optica.  Facultad  de  Fislca.  UnlversitaC  de  Valencia 
C/  Or.  Moliner,  SO.  46100  Burjassot.  Spain. 


,  ABSTRACT 

Using  a  b^ue  laser  stimulus  we  measured  TMTF  with  speckle  sizes  of  19.1  ^m,  3.3  tim 
and  absence  of  speckle.  Our  results  indicate,  if  we  com'sare  the  THTF  curves  obtained  for 
different  speckle  sizes,  a  gain  of  modulation  due  fundamentally  to  the  presence  of  the  spec 
kle;  In  the  low  frequency  region  this  gain  of  modulation  can  be  explained  in  terms  of  ln> 
hlbltory  effects.  On  the  other  hand,  we  observe  by  using  the  diffusion-inhibition  model, 
that  the  presence  of  speckle  in  the  test-field  produces  a  di lay  of  1?  ms  and  a  reduction  of 
the  height  of  the  response,  with  respect  to  that  obtained  in  the  uniform  test  (with  absence 
of  speckle). 


1.  INTRODUCTION 


When  a  diffuser  test  is  illuminated  with  coherent,  radiation  its  aspect  is  degraded  by 
the  presence  of  the  speckle,  that  appears  independently  from  the  wavelength  used  just  as 
long  as  the  radiation  is  coherent.^ 

The  contrast  and  the  size  of  the  speckle  are  the  properties  in  which  we  are  interes¬ 
ted.  In  general  the  study  of  stadistlc  properties  of  speckle  is  very  complicated.  However 
according  to  OainCy  IF  we  suppose  that;  }>  light  49  perfectly  coherent,  the  random 
medium  Introducaa  phase  fluctuations  greater  that  ,  3)  the  medium  does  not  depolarize 
light,  and  4)  a  great  number  of  scattering  centres  contribute  to  the  intensity  at  a  point 
in  the  observation  plane,  then,  using  the  theorem  of  central  limit,  is  relatively  easy  to 
prove  that  the  intensity  in  a  point  is  such  that  the  speckle  has  a  negative  exponential 
probability  density  function.  The  ratio  of  the  standard  deviation  to  the  mean  is  the  unit 
for  this  distribution,  for  which  we  might  say  that  the  contrast  of  the  speckle  is  equal  to 
one.  The  minimum  size  of  the  speckle  for  which  the  above  conditions  are  valid  is  approxima¬ 
tely  fqual  to  the  Airy  disc  that  would  be  produced  in  the  absence  of  the  random  medium. 

This  indicates  that  the  speckle  in  an  optical  image  has  dimensions  In  the  same  order  of 
magnitude  as  the  (aberration-free)  limit  of  resolution.  Therefore,  the  size  of  the  speckle, 
considering  the  theoretical  data  of  the  eye,  is,  given  by  the  expression: 

T  -■  JO. 35  (1) 

in  which  ^  and  l  are  expressed  in  the  same  unit  and  D  (pupilar  diameter)  in  mm. 

As  we  know  the  numerous  advantages  that  come  from  the  use  of  coherent  Illumination, 

It  is  important  to  know  how  the  speckle  of  that  light  affects  the  Temporal  Modulation 
Transfer  Function  (TMTF)  of  the  visual  system.  This  TMTF  gives  us  the  temporal  object  image 
modulation  changes  produced  by  the  system  as  a  function  of  the  temporal  frequency,  for  any 
type  of  lineal  system  (optic,  physical,  biological,  biophysical,  etc),  and  it  is  a  useful 
tool  in  the  case  of  visual  research. 

Therefore  our  purpose  in  this  experiment  is  to  measure  TMTF  of  the  human  visual  sys¬ 
tem  as  s  function  of  speckle  size  using  a  blue  stimulus  because  previous  studies  on  speckle 
size  ‘  suggest  larger  differences,  between  the  curves  corresponding  to  the  extreme  speckle 
size,  arc  found  with  olue  light. 


2.  METHODS  ^ 

A  complete  description  of  the  method  used  for  measuring  flicker  sensitivity  can  be 
found  in  our  previous  studies 

2.1.  Apparatus  and  Stimul; 

Th«;  light  sourer  uHfi  H  Spectr.i  Physics  mw  polarised  He*Ne  laser  that  pro\irt»*d  u«  a 
red  radiation  of  632.6  nm  and  4.3  nm  bandwidth.  ^ 

Light  from  Ihr  sourer  gnrs  throijpn  opt^iral  r.y'trn  with  two  channels  and  whic^i 

ill  urn  i  na  t  cs  the  saitir  test  oy  m-nn*:  r»f  a  he  am  sr  ^  1 1  f  r . 


FlicKer  stlmulHtif*n  >r.  nfhirved  i>y  mean«  of  f,  mon.ilator  made  with  a  rolable  pciiaroid 


NON  CONTACT  NEASURING  MACHINE 


Fernando  D.  Carvalho  *,  Pedro  SebastiSio  *.  Bernardo  Henriques  * 
F.  Carvalho  Rodrigues  «. 


*  LNETI  -  OPTICA  -  EST.  PAQO  DO  LUMIAR  -  1699  LISBOA  -  PORTUGAL 


ABSTRACT 


One  o-f  the  problems  o-f  the  production  oT  cables  is  the 
measurement  o-f  the  plastic  coves  at  the  production  line^ 

IF  For  some  reason  the  thickness  oF  the  plastic  is 
smaller  than  the  minimum  necessary  several  meters  oF 
cable  may  be  lost.  IF  the  problem  exists  in  the  meddle 
oF  a  long  cable  and  the  deFault  is  not  detected  in 
time,  the  lasers  will  be  signiFicant. 

To  solve  this  problem  is  possible  to  use  automatic 
measuring  machines  which  may  detect  a  deFault  as .soon  as 
it  happens.  It  is  also  possible  to  interact  with  the 
production  line  in  order  to  avoid  any  loses. 

In  this  paper  it  is  presented  a  non  contact  measuring 
machine,  developed  For  this  purpose. 

The  machine  uses  a  laser  which  is  scanned  though  a  Field 
oF  80  mm.  The  interruption  oF  the  beam  gives  inFormation 
about  the  external  dimension  oF  the  object. 

The  technical  study  oF  the  resolution,  sensitivity  and 
precision  are  presented  on  the  paper.  Also  the  hardware 
solution  and  the  soFtware  are  presented. 

The  machine  has  an  interFace  which  allows  communication 
with  a  PC.  The  PC  may  receive  inFormation  From  several 
measuring  units  and  to  interact  with  machines  installed 
at  the  production  line. 

The  prototype  is  Finished  and  is  going  to  be  tested  in 
the  industry. 


Key  words:  Non-contact,  measurement,  laser,  scanning. 


AUTOMATIC  MACHINE  FOR  SPIN  TESTING 


Fernando  D.  Carvalho  *,  F.  Carvalho  Rodrigues  *,  Cassiano  P. 
Pais  Rog^rio  Prina  ** 
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ABSTRACT 


One  o-f  the  bottle  necks  oT  the  de-fence  industry  is  the 
■fuze  testing.  This  task  must  be  performed  twice  for  each 
fuze.  It  is  a  100’/.  test,  since  all  the  fuzes  must  pass 
two  tests. 

The  arming  test  is  performed  at  an  high  rotation  speed, 
and  it  is  necessary  to  guarantee  that  a  minimum  diameter 
is  open.  The  non  arming  speed  must  guarantee  that  a 
small  aperture  has  not  happened. 

The  usual  way  to  test  the  fuies  is  the  visual  inspection 
by  experienced  operators.  This  method  presents  several 
problems  and  is  always  possible  to  have  some  faults. 

To  solve  this  problem,  it  was  developed  a  special 
purpose  machine  to  perform  this  task  in  a  completely 
automated  way.  The  results  of  this  development  are 
presented  in  this  paper.  The  optical  system  which 
incorporates  a  laser  and  the  interface  with  the 
mechanics  of  the  machine  are  analysed. 

The  prototype  is  installed  at  INDEP  and  being  used  for 
the  automatic  testing  of  the  fuzes. 

A  description  of  the  optical  system  and  its 
characteristics  are  presented  in  detail. 
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HIGH  PRECISION  MEASUREMENT  EQUIPMENT 


Fernando  D.  Carvalho  *,  Jos6  M.  RebordSio  *,  JoSio  Baeta  *«,  F. 
Carvalho  Rodrigues  *. 
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ABSTRACT 


Based  on  the  Michelson  inter -f erometer  it  was  developed  a 
measurement  equipment  to  be  used  as  a  calibration  system 
-for  the  alignment  oi  machine  tools  and  measurement  oi 
olanicity . 

The  equipment  uses  a  He  Ne  stabilised  laser  and  is 
capable  oT  a  resolution  of  0,2  pm. 

The  results  of  the  development  are  presented  on  this 
paper.  The  optical  system,  opto-electronics  and 
optomechanical  solution  are  presented  in  detail. 

Among  the  applications,  it  is  emphasised  the  measurement 
with  this  equipment  of  the  planicity  of  high  precision 
surfaces  and  the  improvement  obtained  to  conventional 
methods . 

The  equipment  is  ready  for  production  and  is  now 
commercialised . 
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LASER  SCANNER  FOR  AUTOMATIC  STORAGE 


Fernando  D.  Carvalho  »,  Bento  A.  Correia  *,  Jos^  M.  RebordSro  », 

F.  Carvalho  Rodriques  * 
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ABSTRACT 


The  automated  magazines  are  beeinq  used  at  industry 
more.  One  oT  the  problems  related  with  the  automation  of 
a  Store  House  is  the  identification  of  the  products 
envo 1 ved . 

Already  used  for  stock  management,  the  Bar  Codes  allows 
an  easy  way  to  identify  one  product.  Applied  to 
automated  magazines,  the  bar  codes  allows  a  great 
variety  of  items  in  a  small  code. 

In  order  to  be  used  by  the  national  producers  of 
automated  magazines,  a  devoted  laser  scanner  has  been 
deve 1 1  oped . 

The  Prototype  uses  an  He-Ne  laser  whose  beam  scans  a 
field  angle  of  75*  at  16  Hz.  The  scene  reflectivity  is 
transduced  by  a  fotodiode  into  an  electrical  signal, 
wich  is  then  binarized.  This  digital  signal  is  the  input 
of  the  decodifyinq  program. 

The  Machine  is  able  to  see  barcodes  and  to  decode  the 
in  f  or ma  t i on , 

A  parallel  interface  a  1 1 ows  the  comunication  with  the 
central  unit,  wich  is  responsible  for  the  management  of 
the  automated  magazine. 
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THE  APPLICATION  OF  LASER  BEAMS  TO  ABSOLUTE  PHOTODETECTOR 

CALIBRATION 


A.  Corr6ns,  J.  Campos,  A.  Pons  y  P.  Corredera 
Institute  de  Optica  "Daza  de  Valdes". 
28006  Madrid.  Spain. 


The  importance  of  laser  radiation  sources  in 
photodetretor  calibration  processes  is  considered  and  shown. 
As  an  example  of  that,  a  recently  made  work  comparing  the 
spectral  radiant  flux  measurement  uncertainty  of  several 
absolute  radiometers  is  described. 
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HAPPING  OF  TEXTILE  SURFACE  RELIEF 


M.  Filipe  P.C.H.  Costa  ,  J.K.  Borges  de  Alireida 

Physics  Laboratory  of  University  of  Hinho 

We  describe  a  system  which  is  capable  of  mapping  the  relief  of 
textile  surfaces,  by  non  contact  optical  means,  designed  to  be  used 
in  textile  engeneering  laboratories  to  study  the  alterations  produced 
in  fabrics  by  the  action  of  dyes,  shock,  stress,  and  so  on. 

The  specific  nature  of  this  materials  precludes  the  use  of 
conventional  profiling  systems,  which  led-  us  to  develop  a  new  method 
with  the  necessary  versatility  but  reasonably  imune  to  dispersion, 
diffraction  and  speckle,  phenomena  which  usually  make  very  difficult 
the  application  of  optical  methods  to  this^situation. 

The  method  is  based  on  the  horizontal  shift  of  the  bright  spot 
on  a  horizontal  surface  when  this  is  illuminated  with  an  oblique  beam 
and  moved  vertically. 

■  To  make  the  profilometry  the  sample  is  sweped  by  an  oblique 
laser  beam  and  the  bright  spot  position  is  compared  with  a  reference 
position. 

The  system  is  so  formed  by  an  HeNe  laser  focused  onto  a 
reference  surface  (sample  suport)  endowed  of  bidirectional  motion 
obtained  by  two  stepping  motors  which  are  controled  by  a  8051 
microconputei  tliat  will  also  control  the  data  acquisit,.on  and" 
processing  synlcv,  and  it  passage  to  the  work  microcomputer. 

The  laser  learn  incidence  angle,  the  focusing  system  and  the 
reception  oh.M  mv''  are  cange.able  to  inctease  the  system  fickleness- 
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COHBTRUOCAO  DE  UH  AHALISADOR  DC  PARTI0ULA5 

12  3 

C.A.Couto  ,  M.J.C  Ronero  .  J.A  Fernandeft 


Pretende-se  con&truir  ub  sedidor  de  particulas  baeeado  nas 
propriedades  de  difracpao  da  luz. 

As  particulas  a  a«dlr  estao  eii  suspensao  nua  liquido  ea  aoviaento 
que  atravessa  uaa  celula  de  paredes  planas  e  transparentes .  Sobre  essa 
celula  incide  o  ieiiie  coliaado  e  eipandido  de  ua  laser  de  He-Ne.  A  luz 
difractada  pelas  partioulae  e  ooleotada  por  uaa  lente  convergente  ea 
cujo  piano  focal  se  dispoe  de  ua  oonjunto  de  fotodetectores  dispostos 
radialaente . 

Por  analise  das  intensidades  aedidas  sao  oalculaveis  quer  o  nuaero 
quer  as  diaensoec  das  particulas. 

0  sisteaa  de  captura  sera  iapleaentado  coa  fototransis tore*  de 
silioio  e  oelulas  fotovoltaicas  esoolhidas  de  aoordo  ooa  as  diaensoes  e 
intensidades  luainosas 

Depois  de  uaa  conveniente  aaplificapao  os  sinais  obtidos  sao 
introduzidos  nua  aiorocoaputador  atraves  de  ua  oonversor  analogioo- 
digital  ooaercial  de  baixo  custo. 

0  software  a  desenvolver  peraitira  para  alea  da  contagea  e  aedipao 
das  particulas.  oontrolar  o  caudal  do  liquido  transportador . 


1  Professor.  Universidade  do  Minho 

2  Tecnico  Superior.  Universide  do  Minho 

3  Assistente  de  ]nve»i leacao.  Faouldade  de  Cienoias. Universidade  do 
Porto 
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INSULATING  MATERIALS  FOR  OPTOELECTRONICS 
F.  Agullo-Lopez 

Oepartamento  de  Fisica  Apllcada,  Universidad  Autonoma  de  Madrid, 
Cantoblanco,  28049  Madrid,  Spain 

ABSTRACT 

OptoelecLt onics  is  an  interdisciplinary  field  resulting  from  the 
interaction  of  Materials  Science,  Electronics  Engineering,  Information 
Theory  and  Fundamental  and  Applied  Optics.  Basic  functions  of  an  opto¬ 
electronic  system  include  the  generator  of  the  optical  signal,  its 
transmission  and  handling  and,  finally,  its  detection,  storage  and  display. 

A  large  variety  of  semiconductor  and  insulating  materials  are  used  or  are 
being  considered  to  perform  those  functions.  In  this  conference,  we  will 
focus  on  the  role  of  insulating  materials,  mostly  oxides. 

For  signal  generation,  tunable  solid  state  lasers,  either  vibronic 
or  those  based  on  colour  centres  will  be  briefly  described,  and  their  main 
operati.  parameters  summarized.  A  reference  will  be  made  to  some 
developments  on  fiber  and  waveguide  lasers. 

Relevant  physical  features  of  the  silica  fibres  used  for  low-loss, 
long-band,  optical  transmission  will  be  reviewed,  as  well  as  present  efforts 
to  further  reduce  attenuation  in  the  mid-infrared  range.  The  manipulation 
of  the  signal  can  be  accompl’shed  through  the  electrooptic,  acoustooptic, 
photochronic  and  photorefractive  properties  of  suitable  insulating 
materials.  Particular  attention  will  be  paid  to  photorefractive  materials 
(LiNb03,  BGO,  BSO,  etc.l.  which  are  being  investigated  at  the  Universidad 
Autonoma  de  Madrid. 

Photoref racti ve  materials  constitute  a  particularly  interesting 


TA  4 


Abs  tract 


The  tlme-of-fllght  laser  rangefinding  technique  has  recently 
found  many  applications  for  industrial  measurement  purposes. 
The  electronics  of  a  rangefinder  can  be  separated  from  the 
sensing  head  using  optical  fibres.  In  spite  of  many 
advantage  such  as  non-sensitivity  to  demanding  environments, 
optical  fibres  also  Introduce  some  potential  measurement 
errors  . 


A  NKW  TYI'R  OK  MOOULATOH  KOK  1  NTKNlJK  CO ,  -  I.AKKIi  RADIATION  AMD  ITS 
AITLICATIOM;' 

Gisbert  Staupendahl 
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Abstract 


This  paper  reports  on  a  new  type  of  modulator  wich  can  be  used 
for  many  applications  of  intense  C0^-laser  radiation.  The  modu¬ 
lator  ist  based  on  the  principle  of  the  Pabry-Perot  interfero¬ 
meter  and  acts  as  a  beam  splitter  with  variable  reflectivity 
wich  is  placed  outside  the  laser  cavity.  Be  means  of  the  tuning 
of  the  spacing  between  the  two  plane  parallel  interferometer 
slabs  (e.g.  Ge-,  GaAs-  or  ZnSe-slabs)  the  intensity  of  the  trans 
mitted  as  well  as  the  reflected  part  of  the  incident  laser  beam 
can  he  modulated.  To  achieve  this  tuning,  one  of  the  slabs  is 
fastened  to  a  stable  diaphragm  and  is  moved  by  using  the  prin¬ 
ciple  of  the  dynamic  loudspeaker. 

In  this  simple  manner  some  remarkable  properties  of  the  modulate 
could  be  realized  by  its  special  construction: 

-  Modulation  frequencies  up  to  several  kHz  independent  on  the 
parameters  of  the  laser  radiation  and  therefore  on  the  CO;- 
laser  type; 

-  No  influeno;  of  the  inodu  1  .i  I  i  on  frequency  on  the  peak  power  of 


Ml',  m  od  u  I  .'1 1  I’d  ;  ; 
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,jTRACT  :  Phase  measurement  open  field  laser  diode  telemeter  for 
spatial  rendez-vous  and  docking  applications. 

For  about  four  years,  collaborating  with  its  industrial  and 
scientific  partners.  CNES  has  studied  the  different  types  of  optical 
sensors  that  could  help  to  fulfil  a  shockless  rendez-vous  and 
docking  mission  between  two  spatial  vehicles  moving  on  a  low  n 
around  the  Earth.  As  a  part  of  that  activities,  a  study  realized  bj 
Sercel  and  CNES  resulted  in  the  definition  of  a  phase  measurement 
rangefinder  able  to  measure  distances  from  2  to  500  meters  with  an 
accuracy  varying  from  20  millimeters  to  40  millimeters  at  a  rate  of 
1  Hz.  The  range  and  the  field  of  view  (+5*)  of  that  instrument 
together  with  specific  constraints  due  to  spatial  environment  lead 
to  choose  high  power  (100  mW)  current  modulated  continous  wave  laser 
diode  as  lightning  source  for  this  application.  As  a  matter  of  fact, 
the  target  satellite  must  keep  passive  during  the  mission. 
Furthermore,  the  sensor  must  work  in  open  field  to  avoid  the  use  of 
mechanical  scanning  systems  and  must  be  able  to  deliver  a  correct 
information  even  if  the  sun  is  in  its  field  of  view  so  that  the 
rendez-vous  scenario  is  not  constrainted.  Last,  semi-conductor 
technologies  have  been  preferred  because  their  spat i a  1 i sat  ion  seems 
to  be  simpler.  Yet,  a  speckle  phenomenon  due  to  the  multimode 
optical  fiber  onto  which  the  laser  diode  is  connected  appears  in  the 
field  of  view.  That  phenomenon,  associated  to  the  dynamic  behaviour 
of  the  component  (spectral  drift  versus  current  intensity)  prevents 
the  sensor  from  delivering  an  homogeneous  answer  in  different  points 
of  the  field.  The  phenomenon  has  been  analysed  and  a  solution 
implying  an  adapted  modulation  for  the  laser  diode  is  proposed.  The 
global  sensor  principle  is  described. 
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AllSTKACr 

'i'he  i n te rcoinK't.-l  ion  prol)  1  cnis  in  Llio  iiso  ol  optical  fibers 
for  transmission  signals  processing  is  a  very  interesting  line  of 
research  in  the  field  of  optical  communications. 

To  solve  the  well  known  problem  of  lost  of  energy  in  the 
coupling  procedure  several  methods  have  been  studied  and  performed.^  ^ 

In  those  methods  keeping  the  signal  transmission  efficiency  appears 
to  be  the  major  condition  to  be  satisfied.  Among  them,  new  techniques 
using  holographic  couplers  present  a  high  capacity  of  storage  of 
the  information,  therefore,  enlarging  the  signal  transmission  information, 
as  well.  Nevertheless,  their  coupling  conditions  appear  to  be  very 
close  related  to  the  type  of  photomaterial  as  well  as  the  register 
conditions,  among  them,  the  angular  dependence  and  state  of  polarization 
of  the  incident  light.  ViJe  have  obtained  through  the  s/fcalar  diffraction 
theory  a  very  simple  coupling  condition  relation  where  all  physical 
optimization  parameters  involved  in  the  coupling  phenomenon  can 
be  easily  controlled.  By  using  a  systematic  numerical  analysis  we 
have  obtained  a  scanning  simulation  at  the  output  plane  of  the  hololens- 
optical  fiber  system.  The  variation  in  the  initial  conditions  of 
the  incident  light  at  the  time  of  the  holographic  registrer  makes 
possible  to  study  the  experimental  situation  “^or  which  the  coupling 
condition  would  present  the  higlior  efficiency. 
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ABSTRACT 

GaAs  MESFCTs,  originally  designed  for  microwave  applications,  liave  become  an  important  com 
ponent  of  receivers  in  high-speed  optical  telecommunication  systems.  For  these  applications, 
the  crucial  point  in  the  device  modeling  Is  the  evaluation  of  the  Induced  gate  noise  and  its 
correlation  to  the  channel  noise. 

In  this  paper  the  design  of  a  low-noise  small  signal  optical  amplifier  using  GaAs  HESFET 
is  carried  out. 

The  principal  noise  sources  of  GaAs  MESFETs  are  analyzed  in  order  to  completely  characterize 
the  egulvalent  model.  Particularly  channel-noise  represents  the  dominant  effect  In  the  deter¬ 
mination  of  the  optical  receiver  sensitivity. 

Total  Input  noise  currant  of  the  optical  aag>llfier,  due  to  correlated  gate  and  drain  MESFET 
noise,  has  been  estimated  in  order  to  evaluate  the  excess  channel-noise  fwtor  T  for  diffe¬ 
rent  values  of  photodiode  capacitance.  This  procedure  allowed  to  choose  t)ie  photodiode  with 
jtlmiBi  noise. 

Ac  last,  scattering  parameters,  minimum  noise  gain,  gain-frequency  dependence  and  bandwidth 
of  the  amplifier  have  been  evaluated  in  the  frequency  range  of  Interest. 


1 .  INTRODUCTION 

GaAs  MESFET  devices  have  become  Important  components  in  high  speed  lightwave  receiversflj  . 
For  these  applications,  the  crucial  pointln  the  device  modeling  Is  the  evaluation  of  the  Indu 
ced  gate  noise  and  Its  correlation  to  the  channel  noise. 

In  this  paper  the  principal  noise  sources  of  GaAs  MESFETs  are  analyzed  In  order  to  comple¬ 
tely  characterize  the  equivalent  model  [2](3l4j(sl.  Channel  noise  represents  the  dominant  ef¬ 
fect  in  the  deterstlnatlon  of  the  optical  receiver  sensitivity  [6]. 

The  total  Input  noise  current  In  the  optical  amplifier,  due  to  correlated  gate  and  drain 
noise  has  been  estimated  in  order  to  evaluate  the  excess  channel-noise  factor  r  for  various 
photodiode  capacitances. 

At  last,  a  low-noise  small  signal  amplifier,  operating  in  the  S  and  X  frequency  bands,  has 
been  designed.  Scattering  parameters,  minimum  noise  gain,  gain-frequency  dependence  and  band¬ 
width  of  the  amplifier  have  been  evaluated. 

2.  Small-signal  noise  equivalbit  circuit. 


An  equivalent  circuit  of  the  MESIET  device,  which  Includes  noise  sources,  is  shown  In 

frequencies#  the  principal  intrinsic  noise  sources  are  related  to  the  themal  noise 
in  the  channel  and  in  the  gate.  They  are  expressed  respectively  by  the  follc^ring  equations 

(7i: 
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where  <  >  Indicates  the  mean  square  value,  k  is  the  Boltzmann  constant,  T  is  the  a.,soIute 
temperature,  Af  is  the  bandwidth,  g  is  the  tran sconductance,  u  «  2jif  is  the  angular  fre¬ 
quency,  C  is  the  gate- to- source  capacitance,  and  P  and  R  are  quantities  which  depend 
on  .-he  ulas  and  geometry  of  the  device. 

In  Fig.l  are  also  reported  the  resistor  thermal  noise  sources,  expressed  by; 
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where  i  is  for  gi,  g^,  s,  o  or  dr. 
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Ion  inplantation  of  GaAs/AlGaAs  multilayer  structures  is  an  inportant 
semiconductor  processing  technique  for  optoelectronics.  Ihis  technique 
has  been  useful  in  various  stages  of  laser  fabrication  including 
electrical  isolation,  surface  passivation,  and  material  layer  mixing. 

In  this  paper  we  report  on  the  redistribution  of  ioplanted  ions  within 
such  structures  due  to  post-iirplantation  furnace  annealing.  For  this 
work  GaAs/AIGaAs  superlattices  grovei  on  GaAs  substrates  have  been 
implanted  with  either  hydrogen  or  beryl  linn  ions  and  furnace  annealed  at 
tenperatures  to  700  C.  The  inplanted  ions  were  then  depth  profiled 
using  secondary  ion  mass  spectrcmetry  (SI56).  The  measurements  show 
that  the  hydrogen  and  the  beryl  linn  stems  redistribute  depending  on 
different  activation  tenperatures  and  that  both  species  tend  to 
accunulate  a  the  interface  of  the  GaAs  substrate  and  the  epitaxial 
buffer  layer.  The  concentration  of  atoms  at  this  interface  can  exceed 
lE1.9/otn-3  and  may  be  related  to  the  crystal  perfection  of  the  inital 
stages  of  epitaxy.  The  accnnulatlon  of  inplanted  ions  may  lead  to 
alteration  of  the  optoelectronic  operation  of  the  material  processed  in 
this  manner  for  laser  applications. 
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Characterization  measurements  on  different  semiconductor  laser 
diodes  point  to  an  anomalous  behavior  of  the  differential  quan¬ 
tum  efficiency  as  a  function  of  the  injected  current, just  above 
threshold  in  the  presence  of  an  optical  feedback. 

This  phenomenon  and  the  appeeirance  of  a  far  air  gap,  that  indu¬ 
ces  periodical  changes  in  the  output  intensity .affect  noise  pro¬ 
perties  of  the  system. 
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ABSTRACT 

A  new  method  to  find  the  ion  density  of  a  gas  at  any  time  after  the  discharge  is 
described.  In  this  method  the  overvoltage  of  a  fast  discharge  in  a  gas  or  its  lasing  action 
can  be  used.  That  is  to  say«  knowing  the  experimental  values  of  the  actual  starting  voltage 
of  a  pulsed  gas  discharge  or  the  laser  output  and  comparing  them  with  the  relevant  theore¬ 
tical  values,  the  ion  density  can  be  found.  The  result  of  this  procedure  Is  the  calculation 
of  the  Ion  density  at  a  time  after  the  discharge  equal  to  the  inverse  of  the  high  voltage 
pulse  repetition  rate.  Thus,  by  changing  this  pulse  repetition  rate  the  temporal  behaviour 
of  the  ion  density  is  found. 

An  application  to  the  N_  gas  leads  to  the  calculation  of  the  ambipolar  diffusion  coef¬ 
ficient,  the  value  of  which  is  In  sufficient  agreement  with  the  one  in  the  literature. 

1 .  INTRODUCTION 


The  research  on  the  ion  decay  processes  after  a  pulsed  discharge  in  a  gas  is  always 
"^important.  This  is  because  it  finally  leads  to  the  comprehension  of  the  ion  behaviour  and 
to  the  estimation  of  the  coefficients  of  different  Ion  decay  processes.  For  example,  such 
laboratory  research  on  the  gases  existing  in  the  Ionosphere  contribute  to  the  understanding 
of  the  ionosphere  properties. 

In  the  afterglow  of  a  gas  discharge  two  main  ion  decay  processes  take  place;  the  dif¬ 
fusion  and  the  recombination.  Being  of  a  collisional  microscopic  nature,  the  recombinatioi, 
is  a  considerably  more  complicated  mechanism  in  its  details  than  the  diffusion  and  it 
depends  on  the  relative  kinetic  energies  of  the  electrons  and  Ions  and,  more  Importantly, 
of  how  energy  and  momentum  can  be  conserved  in  the  recombination  process. 

To  examine  these  fundamental  processes  occurlng  in  gas  discharge  the  continuity  equation 
for  ion  density  is  used.  If  the  only  ion  decay  process  Is  the  diffusion,  then  the  continuity 
equation  for  ions  is  given  by  the  relation. 
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where  n  is  the  ion  density  and  Is  the  ambipolar  diffusion  coefficient.  To  simplify,  we 
can  assume  a  fundamental  diffusion  mode  with  a  decay  time  t  and  rewrite 
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v^liGre  T  is  the  diffusion  decay  time.  Its  solution  is  given  by  the  equation 
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If  the  electron  temporaiurc  is  e<|unl  to  the  ion  temperature  (Tq=T+),  then  the  decay  Lime  can 
be  related  to  other  quantities  as  follows; 
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where  A  is  the  cliaracteristic  diffusion  length.  This  depends  on  the  geometry  and  the  oontaix.er 
dimensions.  For  rectangular  geometry  of  the  diffusion  space  we  have 
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D4.  is  the  positive  ion  difftjsion  coefficient,  is  the  positive  ion  mobility,  e  is  the 
electronic  charge,  K  is  Boltzmanns  constant  and  T  is  the  gas  temperature.  Thus,  when  only 
one  type  of  positive  Ion  is  present  in  the  afterglow,  its  mobility  can  be  determined  by  a 
measurement  <'>f  tlie  time  constant  to  the  Ion  loss  rate. 
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ASSTRACr 

An  off-axis  elliptical  tone  plate  (E2P1  together  with  refractive  optics  has  been  used 
for  obtaining  the  2*0  nonsymmetric  Fourier  transform  (NFT)  of  a  given  object  with  parallel 
beam  illumination.  The  NFT  thus  obtained  is  exact,  excepting  a  linear  phase  factor  due  to 
the  carrier  spatial  frequency  used  in  the  C2P  recording.  Experimental  results  show  the  abi 
lity  of  this  system  for  separating  quasi-untdimensional  spectra  of  slightly  different 
orientation. 


i.  IWTftOOUCTlON 

In  the  last  years,  interest  for  NFT  systems  working  with  parallel  or  spherical  beam 
illumination  has  grown.  Unlike  the  usual  symmetric  Fourier  transformers .  NFT  systems  redis 
tribute  the  information  at  the  Fourier  plane  in  a  nonsymmetrica)  way.  giving  rise  to  an 
unequal  scaling  of  the  u-  and  v^axes  in  the  frequency  domain.  NFT  systems  are  rotational ly 
variant,  performing  a  controlled  deformation  of  the  object  spectrum.  This  fact  is  useful 
for  many  applications,  in  particular  for  obtaining  superresolution  in  one  direction^  allo¬ 
wing  to  increase  the  angular  discrimination  between  quasi^unidimensional  spectra  angularly 
very  close*  and  to  detect  with  greater  sensitivity  small  misalignments  in  object  or^enta-- 
tion  • . 

Until  now.  NFT  systems  were  designed  making  use  of  conventional  refractive  elements 
(cylindrical  lenses),  being  the  design  flexibility  limited  by  the  availability  of  well-co 
rrected  refractive  phase  transformers  with  proper  characteristics.  The  use  of  a  thin  holo* 
graphic  optical  element  such  as  an  off-axis  elliptical  zone  plate  allows  to  make  easier 
this  design,  also  reducing  the  number  of  required  components. 

2.  NFT  SYSTEM 


The  proposed  NFT  system  is  shown  in  fig.  1.  being  a  modified  version  of  the  develop* 
ped  by  Szoplik  et  a(  .  The  €ZP  transmittance  functi(>n  is  given  by: 

-  t  f(x^,oF^)  yly^  ♦  (l/nFy)5ine.  nF^)  (I) 

where  a  is  the  diffracted  amplitude  coefficient  corresponding  to  the  n-th  diffracted  or 
der  of  She  CZP,  vU.a)  *  exp  (it0o*/k)  anS  F  and  F  are  the  two  inverse  focal  distances“ 
corresponding  to  the  two  ortogonal  primary  fo^ii  of  ^the  E2P. 

The  object  is  located  at  theX|Y|  plane,  a  distance  f  •  l/F  form  the  EZP  wich  per-— 
forms  the  Fourier  transform  along  the  x-active  direction  in  the  X7Y7  plane.  Ihe  pair 


F igure  I .  NFT  system 

The  arrows  Indicate  the  active  direction  of  each  element. 
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ABSTRACT 


The  laser  holography  and  ESPI  techniques  are  used  for  directly  measuring  crustal 
deformation  in  terms  of  fringe  displacements  in  the  interference  pattern.  These  techniques 
will  be  useful  to  predict  occurrences  of  destructive  earthquakes. 

1.  INTRODUCTION 


Since  shallow  earthquakes  are  most  probably  due  to  sudden  release  of  strain  energy 
accumulated  secularly  in  the  Earth's  crust,  continuous  measurements  of  strain  accumulation 
in  seismically  active  regions  are  essential ly  important  for  the  earthquake  prediction.  Over 
the  last  half  a  century,  the  geophysical  strainmeters  so  called  extensometers  have  been 
widely  used  for  measuring  strain  changes  caused  by  tectonic  and  tidal  forces  and  seismic 
origins.  Now,  we  attempt  to  apply  the  techniques  of  holographic  Interferometry  and  ESPI 
lelectronic  speckle  pattern  interferometry)  to  measure  the  crustal  deformation 
quantitatively  for  the  purpose  of  the  earthquake  prediction  in  Japan  and  studying  th- 
related  geophysical  subjects. 

The  conventional  extensometer ,  in  which  a  length  of  solid  rod  is  used  to  measure  the 
relative  displacement  between  two  piers  fixed  into  Che  bedrock,  can  detect  only  one 
component  of  the  Earth's  motion,  l.e.  a  linear  strain  between  two  points.  On  the  contrary, 
the  use  of  holographic  interferometry  or  ESPI  has  the  merit  of  detecting  two-  or  three- 
dimensional  strains  simultaneously,  of  the  order  of  the  wavelength  of  the  laser  light. 
Moreover,  these  methods  allow  us  to  measure  a  small  strain  directly  without  contacting  the 
object.  The  advantage  of  this  is  to  be  free  from  some  of  problems  inherent  in  the 
conventional  extensometers  using  solid  materials  such  as  the  fused  quartz  tube  or  the 
super-invar  bar.  In  these  cases,  it  has  been  necessary  to  consider  the  effects  from  the 
frictional  forces  between  the  solid  materials  and  their  supports  as  well  as  the  deformation 
of  the  materials  themselves. 

In  the  geophysical  sciences,  the  laser  holographic  interference  technique  has  been 
successfully  used  for  measuring  rock  deformations  in  laboratory  experiments,  i. 2  It  is, 
however,  difficult  under  ordinary  circumstances  to  obtain  a  hologram  of  a  large  object  of 
more  than  I  m  because  of  environmental  perturbations  caused  by  atmospheric  clia.ige»  and 
artificial  noise.  Thus,  strain  measurements  with  holographic  interferometry  have  been 
commonly  carried  out  using  small  objects  which  have  a  dimension  of  10  cm  or  so.  In  order  tc 
overcome  this  difficulty,  we  installed  a  holographic  recording  system  in  a  deep  tunnel 
where  the  temperature  change  was  negligibly  small  and  artificial  noise  did  not  exl»t.  If  an 
adequate  laser  source  Is  provided  for  the  system,  holograms  of  large  objects  of  more  than 
I  m  could  be  obtained  under  the  same  conditions.  Moreover,  the  tunnel  wall  itself  is 
considered  to  be  an  object  for  holographic  interferometry.  Thus,  the  tunnel  deformatioi. 
caused  by  tidal  and  tectonic  forces  can  be  detected  by  analyzing  the  fringe  displacement  of 
the  interference  pattern. 


2.  HOLOGRAPHIC  RECORDING 

In  1964,  ^  a  laser  holographic  recording  system  consisting  of  a  50  mW  Ke-Ne  laser  and 
associated  optical  elements  was  installed  in  the  observation  tunnel  at  the  Amagaae  Crustal 
Movement  Observatory,  Kyoto,  Japan,  in  which  the  various  types  of  strainmeters  and 
tiltmeters  were  installed  and  continuous  measurements  of  crustal  deformations  using  these 
conventional  instruments  have  been  carried  out  since  1967.*  As  shown  in  Fig.  I,  the 

observation  tunnel  has  a  length  of  1830  m  and  a  gradient  of  1/1300.  The  section  of  the 
tunnel  has  a  horseshoe  shape,  with  a  diameter  of  about  6  m.  The  laser  holographic  recording 
system  was  installed  at  320  m  from  the  entrance  of  the  tunnel  and  130  m  below  the  surface 
The  annual  variation  of  temperature  at  that  position  is  about  0.2*  C  and  its  daily 


MeaBuring  Rotalintt  CoiiitioriBnl  Iri-Plano  Strain 
using  Conventional  Pulaed  ESP!  and  Optical  Fibres 


by 

Dr.Richard  W.T.  Preater 


ABSTRACT 

In-plane  deformation  of  rotating  engineering  components  may  be 
measured  using  pulaed  laser  Electronic  Speckle  Pattern  Interferometry 
(ESPI).  The  pulsed  illumination  freezes  the  component  motion  and  avoida 
the  stability  requirements  of  conventional  holography.  The  use  of  a  high 
resolution  television  camera  system  and  digital  storage  of  the  speckle 
images  of  the  component  surface  gives  good  contrast  interference  fringe 
information  immediately.  In  digital  form  this  is  readily  available  for  image 
processing  and  fringe  analysis  techniques. 

Conventional  methods  of  strain  measurement  require  the  bonding  of 
electrical  resistance  gauges  and  a  signal  read  out.  Non-contact  optical 
techniques  and  a  television  system  give  a  direct  display  of  the  in-plane 
displacement  field,  with  immediate  opportunity  for  scanning  and  locating  the 
area  of  significant  interest.  Little  or  no  surface  preparation  is  needed  and 
providing  a  non-load  and  live-load  sequence  is  available  during  operation, 
no  costly  plant  shut-down  is  required. 

Early  researchers  in  the  field  of  ESPI  with  pulsed  lasers  suggested  a 
limiting  velocity  of  moving  components  of  2  ms”^.  Development  for  the 
analy.sis  of  rotating  component  displaceinents  showed  a  limiting  velocity  of 
50  ms“^  for  the  use  of  simple  plane  mirror  optics.  Novel  optics,  however, 
giving  radial  illumination  of  the  component  remove  this  limitation  and  clear 
interference  fringes  for  radial  displaceinents  have  been  observed  up  to  150 
ms"‘. 

The  recent  advnnces  in  the  design  and  manufacture  of  optical  fibres 
means  that  the  development  of  a  filjre  »)ptic  E.SPI  .system  n<^w  becomes 
feiisitile.  In  this  way  illuiniriiitiun  and  I  t-unaging  of  totally  ••n;  )<iee<!  or 
limited  access  .':omp<,rierit.s  may  alHt.i  !)»•  ii  elnd.vi. 


Abstract 


n-irae-PlBierislonal  Vibration _ AnalVBla _ _ Electronic  Speckle  Pattern 

InterferoBifeti-v 

Electronic  speckle  pattern  Interferometry  (ESPI)  is  now  a»i  estebllehed 
experimental  technique  in  vibration  aiuilysls,  giving  the  advantages  of  non¬ 
contact,  high  sensitivity,  full-field  resolution,  absolute  quantitative 
measurement,  and  real-time  observe tic«i .  In  vibration  analysis  it  lias  until  now 
exclusively  been  used  with  an  optical  oc«ifiguratlon  of  in-line  Illumination  and 
viewing,  sensitive  only  to  motion  along  tlie  viewing  axle.  For  simple  objects 
this  measures  the  out-of-plane  (transverse)  components  of  vibration.  An 
alternative  configuration,  using  two  Illuminating  wavefronts  at  equal  angles  to 
the  viewing  axis,  gives  sensitivity  purely  to  motion  along  on  axle 
perpendicular  to  the  viewing  axle.  This  technique  has  previously  been  applied 
to  static  and  quasl-statlc  measurement  of  In-plane  strain  and  displacement,  tut 
is  here  used  for  vibration  analysis.  This  paper  describes  how  by  using  three 
different  optical  arrangements  it  is  possible  to  measure  the  vibration 
components  on  an  object  surface  independently  along  three  orthogonal  axes,  with 
all  the  advantages  provided  by  ESPI.  It  Is  then  a  simple  procedure  to  combine 
the  components  at  any  point  vectorlally  to  give  the  full  three-dimensional 
airipllt+ide  and  direction  of  motion.  To  demonstrate  the  technique,  the  vibration 
characteristics  of  a  thick  cylinder  are  analysed.  This  has  different  resonant 
iriodes  corresponding  to  principally  radial,  tangwitlal  and  axial  vibrations,  and 
also  combination  modes  displaying  mixtures  of  the  above.  The  ESPI  fringe 
patterns  and  the  interpreted  mode  shapes  are  compared  with  predictions  made 
from  a  finite  element  model  of  the  cylinder,  and  the  results  show  how  the 
experimental  and  theoretical  methods  complement  each  other  to  give  a  better 
understanding  of  the  object's  vibrational  response. 

Summary 

Cut-of-plane  and  In-plane  sensitive  ESPI  arrangements  are  used  to  measui-e  the 
vlbratJon  vimpHtude  of  an  object  in  thiee  orthogonal  components.  The  iesuits 
are  interpreted  to  deteinilne  tlie  full  thi-ee-dlmenslonal  mode  shape,  and  are 
I,'  ■Kiivired  with  finite  element  model  predictions. 
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ABSTRACT  OF  PAPER  FOR:  "LASER  TECHNOLOGIES  IN  INDUSTRY" 

V 

"  Developments  in  ESPl  for  Automotive  Vibration  Analysis " 

Dr  J  C  Davies  (  Mr  C  H  Buckberry, 

Austin  Rover, 

Gaydon  Proving  Ground, 

Lighthorne, 

Warwickshire, 

CV35  OBL, 

England.  Tel.  0926  644473 

Fax.  0926  641281 
Tlx.  31331 

The  Rover  Group  has  been  using  ESPI  for  the  vibration  analysis 
of  automotive  assemblies  for  several  years.  Engines,  suspensions, 
chassis,  body  shells  and  whole  vehicles  have  been  studied  to  assess 
their  modal  characteristics,  A  miniature,  portable  ESPI  tranceiver, 
coupled  by  a  40m  fibre  optic  umbilical  to  a  iw  argon  ion  laser,  is 
used  to  make  measurements.  Heterodyne  modulation  of  the  reference 
beam  is  Incorporated,  to  animate  phase  and  increase  the  system's 
sensitivity,  by  operation  on  the  fibre  optic  with  a  piezo  crystal. 
Sequential  subtraction,  time-average  operation,  coupled  with  a  new 
digital  processing  algorithm  generates  fringes  of  approaching 
holographic  quality,  in  real-time.  The  processing  algorithm  generates 
optimum  signal  to  noise  ratio  fringes  and  exhibits  high  transient 
speckle  noise  rejection.  This  enables  analysis  to  be  undertaken  on 
large  structures  under  general  test  area  conditions  of  restraint. 

The  system  will  be  described  and  its  operation  outlined. 
Applications  will  be  discussed  and  recent  engineering  applications  of 
the  system  presented  and  contrasted  with  the  use  of  alternative 
techniques  of  analysis. 

Limitations  identified  will  be  discussed  and  modifications 
aimed  at  overcoming  these  will  be  presented.  Future  applications  and 
developments  will  be  outlined  by  way  of  conclusion. 
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On-line  Fringe  Analysis  by  Real-Time  Pbase-Sbift-Processint 


Abstract: 


The  significant  progress  that  has  been  achieved  in  the  last  few 
years  in  the  field  of  computer  aided  fringe  analysis  led  to  an 
increased  interest  in  the  application  of  a  special  group  of 
optical  measurement  techniques  in  industry. 

In  particular  for  holographic  interferometry,  speckle 
interferometry,  rnoir^  and  projected  fringe  techniques  new  areas 
for  industrial  application  arise  provided  that  fast  and  reliable 
automatic  analysis  systems  exist. 


This  paper  presents  the  concept  of  a  real-time-processor  for  on¬ 
line  analysis  of  fringe  pat-terns  which  allows  recording  of  phase- 
shifted  fringe-patterns  and  successive  analysis  of  the  image  data 
by  the  phase  shift  algorithm  in  video  real-time. 

In  addition,  examples  will  demonstrate  the  use  of  the  phase  Shifi 
processor  in  holography.  speckle-technique,  moirfe  dhd  jb 
measuring  technique. 
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Software  techniques  for  the  analysis  of  contour 
maps  of  manufactured  components 

by 

Dr.  D.R.  Burton  and  Dr.  H.J.  Lalor 
Coherent  Optics  Research  Group 
Department  of  Mechanical  Engineering 
Liverpool  Polytechnic 
Byrom  Street 
Liverpool  L3  3AF 
U.K. 


Abstract 

The  precision  measurement  of  the  3D  surface  form  of  manufactured 
components  is  an  Important  industrial  requirement. 

The  use  of  opto-computer  techniques  to  make  such  measurements  has  great 
potential  -  being  non-intrusive  and  capable  of  real  time  operation. 

Frequently,  the  3D  information  is  generated  by  forming  an  optical  contour 
map  of  the  component. 

Such  optical  methods  as  holographic  contouring,  moire  fringe  contouring 
or  fringe  projection  contouring  are  now  widely  used. 

Any  of  these  or  similar  methods  will  produce  height  contours  which 
provide  the  z  axis  information  which  is  missing  from  a  standard  photograph 
or  T.V.  picture. 

By  digitising  such  contours  (cither  m-anually  or  automatically)  a  large 
sample  of  X  y  z  data  points  can  be  transferred  into  a  computer  memory. 


Characterization  Ut  Fineparticles  By  Light  Scattering 


B.H.  Kaye*  R.  Trottier** 


ABSTRACT 

Deconvolution  ot  the  canplex  dittraction  patterns  generated  by  laser 
inspection  of  a  randan  array  ot  fineparticles  is  a  widely  used  method 
tor  characterizing  the  size  distribution  ot  the  scattering 
fineparticles.  Interpretive  hypothesis  used  to  deconvolute  the 
diffraction  pattern  use  simplified  assumptions  which  usually  ignore 
the  diffracting  effect  ot  structural  features  of  the  tineparticle 
profiles.  For  quality  control  and  processing  research  this  is  not  a 
serious  limitation  ot  the  methodology.  However  it  one  tries  to  use 
these  methods  to  evaluate  the  size  and  concentration  of  respirable 
dust  one  must  adjust  the  data  processing  involved  in  the  deconvolution 
to  take  into  account  various  structured  features  of  the  dust.  In  this 
coninunication  the  effect  of  sharp  edges  and  fractal  structure  in 
respirable  dust  such  as  quartz,  diesel  exhausts,  flyash  and  nuclear 
melt  down  fumes  on  the  group  dittraction  pattern  ot  a  raixJan  array  are 
discussed. 

•Professor  of  Physics,  Laurentian  university,  Sudbury,  Ontario 
••Executive  Research  Associate  ot  Respirator  design  [)roject, 


Laurent ian  University,  Sudbury,  onr.irio 


Using  Fast-Fourier-Transf orm  (FFT)  for  the  TC _ 4 

Phase-Doppier-difference-analysis  of  Powder  Metal  Sprays 


K.  Bauckhage,  A.  Schone,  Th.  Wriedt 
University  of  Bremen,  FB  4,  2800  Bremen  33, 

P.O.  Box  330  440,  Fed.  Rep.  of  Germany 

Abstract  of  a  paper  for; 

Laser  Technology  in  Industry 
June  6th  -  8th,  Oporto/Portugal 

Using  spray  compacting  processes  like  the  Osprey-process  for 
the  continuous  production  of,  for  instance,  plate  products 
and  avoiding  further  processes  in  order  to  obtain  a  full 
density  final  component,  one  is  forced  to  measure  the  local 
mass  flow  rates  as  well  as  the  local  size-  and  velocity 
distributions  of  the  molten  and  solidified  particles  on-line 
(and  in-line).  This  also  holds  for  powder  metal  spraying  in 
order  to  receive  rapid  quenching. 

Simultaneous  measurements  of  the  particle  sizes  and  velo¬ 
cities  based  on  the  phase-Doppler-dif ference-method  (LDVS) 
allow  to  analyze  the  spray  cone  and  to  give  a  description  of 
their  influence  upon  the  cooling  rate  and  thereby  upon  the 
material  properties,  i.e.  the  augmentation  of  the  strength 
properties,  the  homogeneity  of  microstructure  and  the  re¬ 
fined  grain  size. 

Shrinking  effects  of  the  surface-"skin"  caused  by  dendritic 
crystallization  processes  under  rapid  quenching  boundary 
conditions  or  by  amorphous  material  structures  on  the  other 
hand  influence  the  quality  of  the  Doppler  bursts  which  gets 
worse  if  rough  surface  structures  give  rise  for  diffuse  re¬ 
flection.  But  fast-Fourier-transform,  (FFT),  improves  the 
success  of  signal  processing  in  a  decisive  manner. 

Like  in  laser-Doppler-anemometry  measurements  also  in  LDVS- 
measurements  frequency  estimation  may  be  a  problem 
especially  if  spherical  solid  particles  with  rough  surfaces 
are  under  focus.  The  advantage  of  procedures  employing  the 
fast-Fourier-transform  for  this  measuring  task  is  their 
computational  efficiency.  Fast  algorithms  are  available  for 
common  signal  processor  chips.  For  the  LDVS  analysis  it  is 
necessary  to  receive  the  frequency  as  well  as  the  phase 
information  from  the  phase-Doppler-data .  Therefore  the 
maximum  of  the  FFT  is  taken  as  the  frequency  of  the  Doppler 
bursts  and  the  phase  difference  between  the  transforms  of 
two  bursts  at  this  frequency  is  used  to  calculate  the  size 
of  the  investigated  particle.  A  processor  which  works  in 
this  manner  may  be  used  with  signals  of  poorer  quality 
resulting  from  small  or  rough  particles,  lower  laser  power, 
poor  light  detectors,  back  ground  illumination,  limited 
signal  quantization  or  misaligned  optics.  The  fast-Fourier- 
transform  processor  will  be  described  in  detail. 


1 


pur  Al  iri‘‘NSlf  CIt  INIK  /  flH  Utuv(>isil;it 


TC  5 


1 


Control  of  Spraying  of  Molten  Metals; 

An  Application  of  Laser  Doppler  Anemometry 

K.  BaucAhage,  6.  Schulte,  B.  Seuren,  V.  Uhlenwlnkel 

University  of  Bremen,  Verfahrenstechnik/  FB  4 
2800  Bremen  33,  F.R.  Germany 

Abstract  of  a  paper',  for: 

Laser  Technologies  in  industry 
June  6th  -  8th,  Oporto/Portugal 


During  the  last  years  the  atomisation  of  molten  metals  has 
attracted  a  lot  of  attention  because  of  its  route  of  great 
technological  promise,  i.e.  of  a  new  generation  of  metal 
manufactorlng  processes  by  spray  forming  and  making  finished 
or  semifinished  products  or  i.e.  of  novel  approach  for  rapid 
solidification  and  processing  of  high  strength  alloys. 

The  principle  of  all  the  spray  forming  processes  is  that 
molten  metals  or  alloys  are  atomised  in  an  inert  atmosphere 
to  generate  a  spray  of  liquid  particles.  Atomisation  may  be 
carried  out  by  by  means  of  high  pressure  inert  gas,  thus 
using  the  Kinematic  energy  for  generating  very  small  drop¬ 
lets.  The  liquid  particles  are  directed  onto  a  cooler  sur¬ 
face  below  the  pressure  nozzle,  usually  termed  a  substrate, 
where  the  particles  Impinge,  flatten  into  the  form  of  thin 
discs  or  splats,  coalesce  and  solidify  to  produce  a  coherent 
deposit. 

In  all  the  preforming  processes  -  in  contrast  to  the  pro 
duction  of  powder  metals  -  the  spray  result  cannot^  be 
proved  by  sieving  the  product.  Thus  there  exists  a  strong 
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demand  for  on-line  measuring  techniques  which  allow  the  in- 
situ-apalysis  of  the  most  important  spray  parameters  (such 
as- drop-size  and  drop-velocity  distributions,  Inertgas  velo¬ 
cities,  momentum  distributions  of  impinging  drops  a.s.o. )  in 
order  to  control  the  spray  forming  process  under  considera¬ 
tion  of  the  molten  metal  flow  rate.  Its  temperature  and  re¬ 
garding  the  solidification  process  in  the  preform. 

The  phase  Doppler  method,  a  modification  of  the  conventional 
laser-Doppler-anemometry ,  allows  this  non-lntrusive  in-sltu- 
analysis  of  all  the.  interesting  parameters  and  opens  the 
possibility  of  spray  forming  process  control,  if  the  accept¬ 
ed  data  rates  from  the  photodetectors  will  be  processed  in  a 
very  fast  manner. 

The  measuring  apparatus  of  the  modified  laser-Doppler  anemo¬ 
meter  (LDVS)  has  been  integrated  into  the  labor  plant  for 
spray  forming  of  molten  steel  to  flat  discs  on  a  rotating 
cooled  or  heated  hubstrate-plate.  The  results  from  the  first 
measuring-project  will  be  demonstrated  and  explained.  The 
facilities  of  the  experimental  set-up,  i.e.  the  LDVS-appa- 
ratus  with  its  special  optical  and  electronical  supplements 
as  well  as  the  melting  devices  and  the  tandon  and  the  nozzle 
for  the  inertgas  atomisation  will  be  described  and  discuss¬ 
ed  . 
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Abstract  of  paper  "On-line  Heasureraent  of  Chrystal  Size  and  Shape  Using 
Combined  Optical  Techniques*  to  be  presented  at  the  "Laser  Technologies  In 
Industry"  conference  by  Arthur  Boxman  and  Prof.  B.  Scarlett. 

At  Delft  University  of  Technology  the  UNIAK  project  Is  concerned  with  the 
development  of  control  strategies  for  Industrial  continuous  crystallizers. 

The  new  control  scheme  Is  based  on  actual  Information  of  the  crystal  size 
distributions  In  the  various  process  streams  taken  from  the  crystallizer. 

The  subsequent  shifts  In  the  size  distributions  are  then  used  to  adjust  the 
process  parameters  according  to  this  control  scheme  applied.  The  crystal 
sizes  are  measured  In  an  on-line  configuration  of  an  Instrument  based  on 
forward  light  scattering. 

Instruments  based  on  the  principles  of  forward  scattering  have  proven  to  be 
very  succesful  In  determining  particle  size  distributions,  when  the 
particles  are  typically  In  the  range  from  1  to  2000  microns. 

Although  Che  technique  Itself  seems  to  be  very  straight  forward,  the  results 
obtained  may  significantly  deviate  due  to  the  light  scattering  model  applied 
and  the  deconvolution  step  used  for  translating  the  recorded  scatter  pattern 
Into  a  size  distribution.  Therefore  a  summarized  survey  Is  presented  showing 
Che  Influence  of  the  various  parameters  In  light  scattering  phenomena  (e.g. 
size,  relative  refractive  Index,  shape). 

The  data  are  then  processed  using  an  enhanced  deconvolution  step  according 
to  Che  derived  light  scattering  model. 

Besides  the  changes  In  Che  data  processing  strategy  also  a  number  of 
modifications  In  the  measuring  strategy  had  to  made.  The  specific 
problems  encountered  are  very  high  crystal  concentration  (30X  wt) ,  wide 
crystal  size  range  (1  -  2000  /un) ,  moving  crystals  (1-2  m/s)  and  the 
crystal  being  highly  transparent. 

AC  the  moment  a  new  system  for  measuring  both  crystal  size  and  shape  In  an 
on-line  configuration  Is  being  developed.  This  information  is  obtained  by 
combining  optical  techniques  based  on  the  various  ways  In  which  light  is 
Introduced  as  well  as  received. 

The  subsequent  steps  are  image  capture,  image  transport,  image  processing 
and  data  reduction. 
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"LASER-DOPPLER  ANEMOMETRY  IN  HYDRAULIC  RESEARCH" 

by 

M.F.  PROENCA  and  A. A.  RIBEIRO 
'  Laboratorlo  de  Hidraulica 

Faculdade  de  Engenharia 
Unlversidade  do  Porto 
PORTUGAL 


Mechanical  measuring  probes  have  been  for  many  years  the  prin¬ 
cipal  means  to  obtain  information  on  fluid  velocity  in  experi¬ 
mental  Fluid  Mechanics.  Total  pressure  probes  together  with 
static  pressure  probes  have  provided  the  principal  means  of 
measuring  mean  velocity  and  hot-wire  and  hot-film  anemometers 
the  principal  means  of  measuring  instantaneous  velocity  values 
allowing  mean,  rms  and  velocity  correlations  determination.  Un 
doubtedly,  mechanical  probes  continue  to  be  to  important  but 
their  limitation  make  new  measuring  techniques  worthy  of  being 
considers ted . 

Laser-Ooppler  Anemometry  is  an  optical  technique  which  allow¬ 
ing  the  measurement  of  the  local,  instantaneous  velocity  of 
tracer  particles  suspended  in  the  flow  does  not  disturb  the 
flow.  The  availability  of  a  measuring  technique  with  such  a 
characteristic  is  particularly  relevant  in  Hydraulic  Research 
Flows  in  ducts  of  small  dimensions  where  mechanical  probes  can 
cause  blockage  or  recirculating  flows  where  those  probes  will  dis 
turb  the  flow  pattern  if  used  are  some  examples  happening  very 
often  in  practice. 

A  very  conunon  problem  for  Civil  Engineer  dealing  with  Hydraul ic 
problems  are  the  gate  flows. 

Gates  are  often  used  by  Civil  Engineers  to  regulate  water  levels 
and  discharge  flows  from  water  reservoirs.  So  flows  around 
submerged  gates  are  of  a  far  reaching  interest  and  details  of 
the  flow  structure  have  to  be  known  for  many  applications.  One 
of  the  questions  in  connection  with  this  type  of  flows  are  the 
stability  structural  effects.  Velocity  information  is  requj. 
red  in  order  to  access  the  performance  of  the  gate  and  so  see 
whether  the  gate  will  sustain  the  forces  acting  on  it. 

The  paper  refers  to  practical  problems  of  gates  already  built 
as  CRESTUMA-LEVEK  power  plant  gates.  The  macroturbulence  is 
deeply  changed  by  CRESTUMA-LEVER,  movable  dam,  now  in  full 
operations  in  Douro  river  near  Oporto.  The  gate  structure  is 
a  eight  double  leaf  vertical  lift  roller  gates  hook  type,  28  m 
clear  span,  13.7  m  high.  Being  very  big  gates  in  a  world  scale 
one  of  the  main  problems  is  to  avoid  the  tendency  to  vibrations. 

The  knowledge  of  the  way  the  flow  develops  around  gate  is  impor 
tant.  In  fact  most  of  the  flow  induced  vibrations  can  be  tra 
ced  to  a  instability  of  the  flow  and  so  complete  velocity  and 
pressure  fields  around  the  gate  should  be  known. 


The  paper  describeti  Laser-Doppler  measurements  in  this  iieiil 
and  shows  how  this  measuring  technique  can  provide  an  insiqht 
into  the  structure  of  gate  flows  giving  detai led  velocity  infor 
mation  and  detecting  regions  of  high  shear  within  the  flow  whe¬ 
re  flow  instabilities  are  likely  to  occur. 
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LASER-UOPI’lER  MEASUREMEMrS  OF  IMPINGING  JEIS 


J.n.n.  Barata,  O.F.G.  Durlo  and  M.V.  Heitor 


Mechanical  Engineering  Departnent 
Institute  Superior  T4cnico 
Av.  Rotfisco  Pais 
1096  Lisboa  Codex 
PORTUGAL 


SUMMARY 


Laser-Ooppler  measurements  of  the  velocity  characteristics  of  the  flow  field 
resulting  from  the  impingement  of  single  and  twin  jets  against  a  wall  through 
a  low-velocity  crossflow  are  presented  and  discussed  together  with 
visualization  of  ths  flow  field.  This  study  provides  a  basis  to  understanding 
■ore  complex  pratical  flow  fields,  such  as  those  in  industrial  environments 
where  impinging  jets  complete  with  any  cross-wind  and  the  flow  field  created 
underneath  a  vertical  take-off  aircraft.  The  data  is  also  suitable  to  evaluate 
the  numerical  solutions  of  the  eo  ations  of  motion  which  use  turbulence  models 
in  order  to  predict  this  type  of  flows. 
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ABSTRACT 

A  low  cost  laser  OoppJer  velocity  neasurinq  systen  has  been  developed,  and  is  described 
in  this  (taper.  The  principles  of  period  neasurinq  instruMents  are  reviewed  and  the  system 
parameters  important  to  the  measurement  are  considered.  It  is  shown  how  the  p.-.rameters 
may  be  adjusted  to  allow  the  development  of  a  relatively  low-cost  instrument  which  does 
not  I  jve  the  high  performance  characteristics  of  some  commercial  instruments,  but  which  is 
more  than  adequate  in  p^rformsnce  for  most  industrial  applications. 

1 ♦  IWTRODOCTION 

In  1964  it  was  suggested  by  Yeh  and  Cummings*  that  the  velocity  of  a  particle  could  be 
determined  by  measuring  the  frequency  shift  in  light  scattered  as  a  particle  or  object 
passed  through  the  beam  of  a  laser.  It  was  shown  that  the  measurement  of  the  frequency 
shift  could  be  achieved  by  mixing,  on  the  surface  of  a  square  law  detector,  the  frequency 
shifted  light  with  light  having  no  frequency  shift.  Electronic  square  law  detectors  do 
not  respond  to  optical  frequencies,  and  thus  they  act  as  low-pass  filters  and  so  produce  a 
difference  frequency  output  proportional  to  Doppler  shift,  along  with  a  signal  component 
at  zero  frequency.  4 

Since  this  early  work  there  have  been  many  refinements  to  the  technique.  A  major 
development  occurred  in  1970  when  Harunder  and  Wankum^  proposed  the  dual  beam  system. 
This  has  a  very  specific  advantage  over  other  systems  since  the  observed  difference  in 
Doppler  shifts  is  independent  of  the  position  of  the  observer,  and  consequently  the 
setting-up  of  the  system  becomes  relatively  easy. 

The  measurement  of  the  Doppler  shift  poses  problems.  Basically  it  is  achieved  by  band¬ 
pass  filtering  the  output  of  the  square  law  detector  to  remove  the  r.ero  frequency  signal 
component  and  high  frequency  noise.  This  leaver  a  sinusoidal  signal  whose  frequency  is 
proportional  to  the  velocity  of  the  particle,  but  which  is  amplitude  modulated  and  exists 
for  a  short  time  only.  In  practice  the  amplitude  modulation  of  the  si-inal  is  dependent 
upon  the  intensity  of  the  light  falling  upon  the  particle.  with  a  laser  operating  in 
the  TEM^  mode  this  is  Oaussian,  and  therefore  the  sine  wave  has  a  Gaussian  amplitude 
modulation.  The  signal  exists  only  for  the  time  taken  for  the  particle  or  object  to 
traverse  the  laser  beams. 

Techniques  which  have  been  used  to  measure  the  Doppler  shift  include  spectral 
analysis^'^  aiwl  frequency  t  rack » ng^  •  .  Commercial  instruments  are  available  usir>q  both  of 
these  methods,  although  the  application  of  spectral  analysis  oti  a  commercial  basis  is 
relatively  recent  and  has  waited  for  the  development  of  digital  signal  processing 

techniques 

The  authors  have  been  involved  with  the  development  of  digital  systems  for  period 
measurement  in  laser  Doppler  systems  for  many  years,  and  with  the  application  of  the 
instrumentation.  They  produced  one  of  the  first  period  measuring  systems®.  This  has 

undergone  a  variety  of  modi f icat ions^  and  in  its  latest  form  is  available  on  a  single 

printed  circuit  board. 

The  laser  Doppler  veJocimeter  has  developed  mainly  for  research  appl ica t ions .  It  has 
proved  useful  in  csrrying  out  non-contset  measurement  in  situations  where  convent i o»»« 1 
1 net r ument at i on  is  not  available.  Mowevor.  developments  of  the  application  of  laser 

Doppler  systems  in  industry  has  been  at  a  much  slower  rate  than  their  development  in  the 
research  environment.  This  is  due  to  a  variety  of  factors  including  the  following: 

(ij  The  technique  is  relatively  new,  and  there  is  a  reluctance  by  Industry  to  introduce 
systems  regarded  as  unproven. 

(ll)  The  use  of  lasers,  with  associated  radiation  problem#,  ha#  been  a  cause  for  some 
concern . 

(tii)  Measurement  systems  presently  available  are  expensive. 

(iv)  There  is  a  consldersble  amount  of  "know-how"  required  when  applying  laser  Doppler 

systems . 

in  ofiler  to  extend  the  application  of  tin?  laser  Doppler  measurement  system  to  more  than 
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LAStH  DIAGNOSTICS  OF  THE  FLOW  IN 
INDUSTRIAL  BURNERS 


by 


O.F.G.  OurSo,  M.V.  Heitor  and  A.L.N.  Moreira 

Ifistituto  Superior  T^cnico 
Dept,  of  Mechanical  Engineering 
Av.  Rovisco  Pais 
1096  Lisbon  Codex 
Portugal 


SUMMARY 

The  s tab) 1 j;at ion  of  high  intensity  flames  on  multi-jet  industrial  burners 
is  studied  experimentally  by  laser  diagnostics.  Isothermal  and  combusting  flow 
characteristics  of  the  recirculating  flow  in  the  vicinity  of  a  model 
industrial  burner  are  presented  and  discussed  together  with  visualisation  of 
the  flow  field.  The  experiments  provide  a  basis  to  improving  our  understanding 
of  relevant  transport  processes  and  of  the  mechanisms  of  flame  stabilisation 
in  industrial  burners  of  praticat  interest. 
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Laser  Doppler  meaeureinent  of  drlve-bcXt  eilopaae. 

Finn  Hengel 

DAHTEC  Elektronlk,  Tonabakken  16-18,  DK-2740  Skovlunde,  Dennark 


Abstrac 


A  lAser  Doppler  systea.  Measuring  the  dillerence  in  angular  velocity  between 
two  rotating  bodies,  has  been  developed  and  applied  to  the  neasurenent  ol 
slippage  oi  a  lan-belt  In  an  autoaoblle  engine.  The  neasurenent  is  not 
affected  by  engine  vibrations  and  elastic  deformations  of  the  belt. 
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RECORTE  E  GRAVAQAO  DE  MATERIAIS 
COM  LASER  DE  CO2 

0.  flPPELT,  B.  CUNHB 

EFACEC.  DepTiide  Investigacdo  e  Desenvolvimcnio 
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MARBLE  CUTTING  BY  LASER 


Margarida  C.  Pirea,  Ant6nio  G.  Ferreira,  Manuel  H.  Ribeiro,  M.  Ribau  Teixelra 


Laboratdrio  Nacional  de  Engenharia  e  Tecnologia  Industrial 
Azinhaga  dos  Lamelros  A  Estrada  do  Pago  do  Lumiar 
1699  Lisboa  Codex 


The  Laser  Cutting  System  applied  to  marble  presents  several  advantages  over 
the  conventional  procedure  acting  by  mechanical  abrasion,  wich  are; 

1 )  the  absence  of  inhalation  of  heavy  dust  by  the  operator 

ii)  the  inexhaustible  capacity  of  defining  the  cutting  profile 

iii)  no  wearing  out  of  the  cutting  tool 

In  the  present  work 'marble  Laser  cutting  has  been  tried  out  with  a  fast  axial 
flow  CO^  Laser  in  an  attempt  to  optimize  the  cutting  process,  that  is,  to  optimize 
the  relation  Cutting  Speed  vs  Heat  Affected  Zone.  For  this  purpose  the  Laser  cutting 
were  carried  out  varying  the  Laser  output  power,  the  cutting  speed,  the  Laser  mode 
(cw  or  pulsed)  and  the  pulse  length. 

Tests  were  carried  out  on  several  plates  of  marble  with  different  thickness 
and  several  characteristics  such  as  texture,  polish,  color,  and  so  on. 

Also  system  characteristics  such  as  focal  length  and  assistance  gas  pressure 
were  altered. 

In  order  to  have  a  better  acquaintance  of  the  process,  the  reflectivity  of 
the  marble  were  measured  and  subsequently  plotted,  as  a  function  of  Laser  parameters 

f 

such  as  power  of  the  incident  beam  and  angle  of  Incidence,  for  the  radiation  of  the 
CO^  Laser. 
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A  Laser  System  Cor  Writing  Photolithographic  Masks 
for  Integrated  Optics 

p.BofCi*  O.De  Pascals,  C. Esposito,  M.Gaudio,  A.M.Losacco,  M.Vilnio 

Centro  Laser,  Bari,  Italy 

ABSTSACT 

Lasar-bean  writing  system  have  already  been  tested,  proving 
validity  of  laser  source  for  fabrication  of  integrated  optical 
^^ioes.  or  masks  for  them,  with  microaetric  or  subaicrometric 
resolution. 

Lasar-beam  system  have  used  either  aanually-  or  coaputer- 
coatroUed  stage.  The  latter,  however,  required  long  writing  times 
te  eliaSAste  undesidered  fluctations  in  the  positioning  of  the 
stage.  Secentely,  we  have  developed  a  coaputer-controlled  laser 
sgistea  writing  photolithographic  aasks  over  an  area  as  large  as 
VWi—  X  Bfeaa,  based  on  an  Argon  laser  and  equipped  with  electronics 
lUMt  is  Bnth  analog  and  digital  at  the  saae  tiae.  This  enables  one 
ta  GoigiMLtcr  programme  the  initial  and  final  positions  of  any 
diesirad  line  and,  above  all,  to  obtain  very  smooth,  perfectly 
lineaer  (displacements  between  them,  which  have  none  of  the  ripples 
typical  digital  system.  This  system  has  an  autofocus  mechanism 
dhiich,,  ip  means  of  a  piezoelectric  macrotraslator,  controls,  in 
seal  timm,  the  reciprocal  distance  between  the  focusing  optics  and 
take  mmdk  to  be  patterned.  This  paper  presents  the  system 
dmaariidAmB  and  the  laser-beam  writing  characteristics  of  some 
mama  gal rtr  patterns,  indeed  some  preliminary  results  of  assisted 
jiam-eoaBnagad  channel  waveguides  fabricated  directly  into 
imfbagxadtaril  circuit  mask  plates  are  presented. 
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LASER  DIRECT  WRITING  OF  GRATINGS  FOR  INTEGRATED  OPTICS 

G.Ass»nto*,C.C^*  and  S.Riva-Sanseverino* 

'''CRES,  Via  Regione  Siciliana  49, 90046  Monreale  (PA),  Italy 
*DipL  Ingegneria  Elettrica,  Viale  delle  Scienze,  90128  Palermo,  Italy. 


ABSTRACT 

A  novel  technique  for  fabncation  of  ihin-film  gratings  is  reported.  A  CdS  film,  deposited  onto  an  ion-exchanged  glass 
waveguide,  is  photo-etched  by  a  focussed  Ar-laser  beam.  Computer-controlled  movement  of  the  sample  allovos  for  the 
formation  of  periodic  sinietiiies,  tested  for  input  and  output  coupling.  Some  interesting  effects  due  to  the  simultaneous 
presence  of  hmgiludinal  and  transverse  giatings  are  discussed. 

We  also  propose  the  technique  in  the  realisation  of  integrated  optical  devices  for  communications. 


Laser-controlled  miciochemical  processes  for  deposition,  etching  and  doping  of  electronic  materials  have  become  widely 
investigated  since  the  early  1980$.  A  vast  number  of  different  technological  processes  has  been  demonstrated  for  various 
industrial  and  scientiflc  applications,  ranging  from  paueming  to  mask-repairing  '.  Mote  recently,  the  possibility  of 
employing  photocbemical-assisted  laser-prooesses  in  microoptics  and  int^ted  optics  has  attracted  novel  interest  with  the 
availability  of  more  wytiiwicsieit  equipment  and  short-wavekength  sources,  such  as  excimer  lasers  2.  In  this  work  we  report 
on  the  fabrication  of  gratoigs  for  integrated-optics  qiplications  by  means  of  photo-enhanced  dry-etching  of  CdS  film  with  an 
Ar-laser  soutoe.  The  gratings  were  realized  on  planar  optical  guides,  lo  demonstrate  input  and  output  coupling  of  light.  The 
slab  glass-waveguides  were  obuined  by  ion-exchanging  Soda-lime  glasses  with  Potassium  ions.  Cadmium  Sulphide  films, 
flash  evaporated  with  good  stoichiomctiy  loa  ihicfcness  of  1500-2000  A,  were  laser-etched  using  an  apparatus  for  direct-laser- 
writing,  fsbrirsting  Ihin-rilm  couplers  with  1 10'2  pm  periods.  Experimental  results  are  repotted  with  the  discussion  of  some 
inaeresting  observed  effects.  ...  ,  . 

The  technique,  even  if  requiring  some  further  improvements,  appars  to  be  quite  promising  in  terms  of  applications  lo 
pmsive  devices  for  optical  communications.  Typical  realizable  devices  are  input  and  output  couplers,  integrated  Bragg 
teflecun,  fiber-to-guide  couplers  and  wavelength  demultiplexers. 

2  EXPERIMENTAL 

In  this  section  we  describe  the  basic  experimental  procedures  followed  in  the  preparation  of  the  final  device.  Due  lo  the 
processes  involved,  each  sub-section  will  outline  the  related  technology. 


For  the  r,vir,|i;nn  of  slab  optical  waveguides,  the  well-known  K*-Na+  ion-exclrange  technique  ^  was  employed 
soda-lime  glasses.  The  substrates,  commercial  microscope  slides  Imm  thick,  cleaned  in  a  diluted  solution  of  Extran  at  90°C 
were  preheated  to400^:  and  then  immersed  in  a  KNO3  melt  at  the  same  temperature.  The  melt  was  contained  in  an  anodaed 
aluminium  boat  placed  tat  a  temperature-controlled  furnace.  Exchanged  samples  were  allowed  to  slow  cooling  and  then  rinsed 

with  distilled  water.  „  , 

The  waveguides  were  tested  by  the  two-prism  coupling-technique  using  a  low-power  He-Ne  laser  soonx  operating  at 
632.8nm.  In  agreement  with  the  results  reported  by  Yip  et  al  exchange-times  of  one  hour  allowed  to  obtain  single  mode 
(one  TE  and  one  11^1)  guides  with  an  effective  depth  of  about  2.Stim.  Due  to  poor  tempenture<onuot,  propagauon  ItKses 
always  made  the  light-streak  visible  by  out-of-plane  scattering,  although  the  in-plane  scattering  was  quite  accepttble.  Best 
results  were  obtained  with  Coming  slides. 
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Abstract 


PXOGKESS  IN  USER  FABRICATION  OF  MICROSTRUCTURES 


C.Arnone  and  G.B.Scelsi 

Oi|>artiBentn  di  Ingegneria  Elettrica 
Uaiversita  di  Palermo  and  IAIF~CNR 
Viale  delle  Scienze,  90128  Palermo,  Italy 


Daring  the  last  few  years  novel  laser  techniques  have  emerged  as 
tools  for'spec'ialized  material  processing.  Unlike  already  well 
settled  power-laser  applications,  deposition  or  removal  of  thin 
layers  from  suitable  substrates  is  now  possible  with  spatial 
resolution  in  the  micrometer  range. 

While  microelectrc  lie  nanufacturing  and  R&D  have  already  devoted 
majar  attention  to  these  new  techniques,  applications  to 
fflicrooptics,  microchenistry  and  micromechanics  are  still  to  be 
deaeloped.  mostly  due  to  lack  of  knowledge  exchange  between 
microelectronics  and  -ther  fields.  Our  contibution  to  this 
comference  is  primari.  .y  intended  for  stimulating  interest  to  the  new 
techniques  for  non  traditional  -  i.e.  non  electronic  -  applications. 

The  field  of  laser  processing  can  be  coarsely  splitted  in  two: 
deposition  of  thin  films  and  surface  etching.  Both  thermal  and 
phatoaic  effects  of  laser  light  are  involved,  in  roost  cases  aimed  at 
exciting  precursor  mtlecules  -  both  in  gas  and  in  liquid  phase  -  in 
coctact  with  the  surface  to  process.  This  results  in  a  photochemical 
fiSffl  deposition  or  etching,  where  the  precursor  supplies  the 
material  to  be  deposited  on  the  surface  or  to  combine  with  it.  By 
associating  a  proper  light  assisted  surface  chemistry  with  the  high 
spatial  resolution  actiievable  with  a  focused  laser  beam,  "in  situ" 
miorofabrication  is  possible.  Applications  range  from  laser  direct 
wriciag  of  electronic  r.-.icrccircuits  to  micromachining  for  optics  and 
mediaaics.  A  short  review  of  laser  processing  is  presented  here, 
with  specific  application  carried  out  in  our  laboratory. 


AbSttratt  SBmmary 


A  rtvimt  of  laser  micr  -processing  is  presented,  with  applications  in 
ancaoelectronics  and  nicrooptics.  The  techniques  developed  in  the 
autlor's  laboratory  are  also  shown  and  possible  future  developments 
are  discussed . 


ABSTRACT 


SITPUL  System  allows  the  individual  firing  and  tactical 
instruction  of  small  units,  under  economical,  safe  and  realistic 
conditions. 

The  system  is  composed  by  an  Emitter,  that  uses  a  codified 
semiconductor  diode  laser  beam  to  simulate  the  shooting  of  a 
weapon  and  by  a  Receiver  that  decodifies  the  information  when  a 
laser  signal  is  dectected. 

When  the  Emitter  is  actuated  <by  blank  cartridges  fired  from 
the  weapon  itself  or  by  a  microswitch  coupled  to  the  trigger),  a 
pulsed  and  amplitude  modulated  laser  beam  is  sent,  against  the 
Receiver  detectores. 

The  laser  beam  bears  information  that  allows  the 
identification  of  the  shooter  in  wargaming  for  a  maximum  strength 
of  8,000  men,  equipped  with  weapons  of  same  or  different  types 

e 

and  codes  for  Kill  and  Near  -  Miss  situations. 

All  this  information,  as  well  as  the  maximum  number  of 
firings  in  an  exercise,  is  controlled  by  a  low  consumption 
mi croprocessor . 

The  Emitter  unit  is  assembled  to  the  weapons  by  means  of 
adequate  brackets. 

The  Receiver  is  mainly  made  up  by: 

-  a  trunk  harness  with  10  detectores  positioned  in  such  a 
way  that  ensures  a  adequate  cover  of  the  trunk  vital  areas 

-  a  head  harness  with  5  more  detectores 

-  a  Receiver  box  with  a  built  in  microprocessor  which 
registers  the  the  identity  of  the  emitter  that  reached 
receiver  arul  the  result?-,  ot  t  h?  tomt'Ul  Dill  and  Near 
his?.  '  1  t  U.l '  I  OI i>  I 


CHARACTERIZATION  OF  REAL  LASER  BEAK  PROFILES 
WITH  FEW  PARAMETERS  FOR  METALLURGICAL  APPLICATIONS 

J.XEHLIH,  J. DIETZ,  C. OLIVEIRA* 

IHSA  Lyon,  CEKPPI'.-CALFETKAT,  UA  CNRS  31(1 
F  69621  -  Vllleurbanne  Cedex 


ABSTRACT: 

In  first  approximation  the  material  induceci  effects  after  laser  beam 
interaction  are  function  of  the  whole  transmitted  energy  and  of  tne  local 
■•irradiauee"  (in  W.cm'^)  levels  and  gradients.  Consequently  3  informations  may 
Be  able  to  describe  this  beam  :  carried  power,  shape  and  dimensions  in  tne 
interaction  zone.  Thus  shape  and  dimensions  of  a  real  beam  would  be  simply  and 
uiive.''saly  describee.  If  we  are  interested  by  the  induced  effects  in  the 
Straigi.t  of  tne  beam  axis,  j  parameters  are  sufficient  to  describe  tne  beam  ; 
tne  incideat  power  ?,  ar.  equivalent  radius  r*,  and  an  axial  "spread"  factor  of 
eiergy  cistriaution  g(E).  Tnese  parameters  nave  been  mathematically  defined  but 
tuey  a.-'e  aiso  experimentaliy  measurable  (in  particular  from  transmitted  power 
throagh  a  trail  aperture  u:-  a  slit  localised  in  the  vicinity  of  the  work  aone). 
S;e  experioenldl  ciiaracterization  of  if  kW  c.w.  CO?  laser  (CILA3  Cl  tOOO)  nas 
teen  carrieu  out  for  several  powers  (between  200  a  ano  3  kK).  Khen  the  power 
increases  it  nas  been  fine  tiot  r*  increases  and  g(E)  stays  nearly  constant  in 
spite  of  mode  evolution.  Presently  the  real-time  evaluation  of  tnese  parameters 
is  investiiating.  Koreover  these  3  parameters  can  be  directly  introduced  in 
tedtplifica  analytical  tricicensional  thermal  model,  and  so  tne  behaviour 
wpcctaticai  ana  tne  working  parameters  fluctuations  effects  (for  example  "i.-'.ode" 
oiangesl  tecome  easier.  At  last  this  approacn  may  be  able  to  carry  out 
compariso.'i  between  the  various  high  power  lasers  in  different 
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LASER  BRAN  SHAPING  BY  COMPUTER  MADE  HOLOGRAMS 
NISE  EH  rORNE  DE  FAISCEAU  LASER  PAR  HOLOGRANMES  SYHTHETIQUES 

S.  SAHNOUNE  -  N.  TORZYNSKl  -  P.  HEYRUEIS 
UBORATOIRE  DBS  SYSTBMES  PHOTON  IQUES 
ECOLE  NATIONALE  SUPERIEURR  DR  PHYSIQUE  DE  STRASBOURG 
7,  rua  da  I'UnlaarslU  -  67000  STRASBOURG  FllANCB 


La  laaar  aat  davenu  aujourd'huj  I'un  daa  soyena  las  plus  utlllsAs  pour 
chorcbar,  produire,  conauniquar.  Son  utilisation  croissants  ast  dus  aux 
csractArlstlques  da  la  lualAra  lasar  :  sonochroMtlcl td,  faibls  dlvargancs, 
cohdranca  apatiala  at  teaporalla,  dnargia  radiants  pouvant  Atra  trds  Alavds, 
itq>ulslons  ultra-courtas  at  poasibllltA  d'sccord  an  lonsusur  d'onda. 

Dans  las  nallleuras  conditions  da  cohdrance  apatiala  at  tssporalls  (cas 
du  sods  fondanantal  appal d  soda  TEN  ).  la  laaar  dnat  un  rayonnesant  sysnt  una 
ayadtrla  axlala  at  una  rdpartltlon  gauaslanne.  Catts  forme  du  faiscaau 
reprdsanta  un  Inconvenient  dana  la  cas  oO  una  Illumination  unlforme  ast  exlgde. 
11  faut  done  dans  ce  cas  proedder  A  una  unlformlsatlon  du  faiscaau  avant  son 
utilisation  pour  das  applications  spdclfiquas. 

Dans  la  esa  partlculier  du  trsltasiaot  optlqua  das  donndes,  at  du  Jaugeage 
optlqua,  un  faiscaau  colllmatd  oat  ndcassalre  dotd  da  plus  d’una  rdpartltjon 
hosKigdna  d*intanaitd< 

Pour  donnar  A  un  falaceau  laaer  caa  caractdrlatlquea,  noua  propoaona  deux 
solutions  distlnctas  basdes  aur  daux  mdthodes  at  systdmes  diffdranta  qua  nous 
avons  conGua  at  rdaliads  utlliaant  chacun  das  hologrammea  gdndrda  par 
ordinataur  (C.G.H).  Dane  la  cas  oO  I'dclairsge  ast  auffiaasmant  cohdrant,  una 
opdrstlon  da  flltraga  llndalra  das  donndea  d’entrda  peut  dtre  rdallad  an 
nodi  riant  uniquamant  la  transmittance  dana  la  plan  focal  d’una  lentil la 
affectuant  la  tranaformda  da  Fourier.  Noua  avons  conqu  at  rdsliad  un  flltraga 
llndalra  dana  la  domains  daa  frdquancaa  pour  dtabllr  la  flltre  correspondent . 
Nous  conalddrona  alora  I'objat  comma  dtant  la  falaceau  gauaslen  colllmatd 
pouvant  dtra  nodifid  par  un  flltre  da  frdquenca  apatiala  (hologramna)  pour 
produlra  I'lnage  flltrde  (falaceau  unlfoma).  Noua  avons  alnal  constltud  un 
aystAna  da  traltemont  d'Jmages  trie  efflcace.  Nous  utlllaons  la  ndUiode  da 
Brown  at  Lohnann  pour  eynthdtlaer  cot  hologramma  da  Fourier  (Rdf.  1). 

Bn  a'lneplrant  du  syatdme  afocal  da  Rhodes  qul  utilise  una  pairs  da 
lentlllas  aophdrlquoa  (Rdf.  2)  pernattant  da  transformer  un  faiscaau  gauaslen 
colllmatd  an  un  falaceau  unlforme  collimatd,  noua  propoaona  una  dauxlAma 
mdthode.  Pour  catta  mdthode  ast  congu  la  deuxidme  aystdme.  11  sera  constltud 
par  daux  flltrea  de  phase  eubstituds  aux  lent! lies  aophdrlquea.  La  premier 
flltre  ou  hologramme  de  phase  servlra  A  ddvler  lea  rayons  lunlneux  do  faqon  A 
obtenlr  una  rdpartitlon  unlforme.  Le  second  flltre  permetlrs  da  colllmatar  la 
faiscaau  ddJA  unlfonitlsd  par  le  premier  flltre. 
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L'uti  lisatl  on  conjolnte  de  cea  deux  filtrea  repose  sur  le  princlpe  de  la 
conservation  de  I'^nergle  entre  lea  faiaceaux  d'entrie  et  de  sortie.  Le  calcul 
que  nous  prisenlons  sboutlt  &  un  ayattee  d'iquatlona  dl ff irentlellea  que  nous 
avons  risolu  par  la  aithode  de  Runfs-Kutta  (R6f.  3).  La  prenlire  solution 

peraet  d'avoir  un  falaceau  unlfome  colllaati  sur  une  distance  relstiveaent 
grande  derridre  la  dernidre  lentllle.  Nous  prteervons  alnsl  la  phase  du  front 
d'onde  Incident.  • 

La  solution  qul  conslste  d  aubstituer  deux  hologranaas  de  phase  aux  deux 
lentllles  aaphdrlques  du  systdaM  de  Rhodes  supprlne  la  dlfficultd  que 
reprdsente  lea  lentllles  aaphdrlquas  tout  en  offrant  une  efflcaclti  dlsvia  en 
transport  d’doergie  alallalre  d  cells  du  aystdne  de  Rhodes. 

Ces  deux  systdmes  et  ndthodes  reprdesDtent  en  fscllltd  d'utl llsatlon  et 
qualltd  da  falaceau  produit  un  avantage  non  ndgllgeable  par  rapport  d  d’autres 
techniques  pies  anclennes  uttllsant  des  optlquas  coaq>llqudeSt  fragllea. 
et  dlfflclles  d  fabrlquer. 

Co  conclusion,  nous  valldons  expdrlnentaleaient  notre  approche  en  p 
qu'un  falaceau  laser  colllaatd  peut  8tre  unlforalsd  par  1 'utilisation  d’li- 
gp^ones  synthdllques  (holographic  numdrlque).  Ce  procddd  d'unlfomlaatlon  sera, 
eependant,  pins  efflcace  si  lee  techniques  d'snreglstrement  hologrsphlques  aont 
andllordes.  Ce  qul  stgnlfie  qu‘11  faut  dlnlnuer  le  bruit  cobdrent  et  aug^enter 
I'efflcacitd  de  diffraction. 

ywua  prqpoeons  dee  solutions  ft  cette  fin  et  nous  prdeentons  au  Leme 
d'use  dlscusalon  portant  sur  les  prlnclpes  et  I'expdrlnentatlon,  quelquea 
appllcatioaa  techniques. 
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DEVELOPMENT  OF  STABILIZED  CO^  LASERS 
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For  applications  like  reaote  sensing  and  aonltorlng  of  ataospheric  poluenta, 
fkiaion  plasms  diagnostics,  aaong  others,  the  CO^  laser  is  an  useful  tool. 

The  degree  of  stability  needed  for  such  applications  can  be  achieved  by  scans  of 
a  veil  designed  structure  fraae  (  with  suitable  mterials  )  for  the  passive 
stabilization  and  some  kind  of  optical  cavity  length  fine  control  for  the  active 
stabilization. 

Where  it  concerns  the  passive  stabilization  the  choice  of  mterials  is  a  mtter 
of  great  iaportance.  The  sost  comon  ones  cure  mterials  of  low  expansion  coeficient 
such  as  INVAJt,  CZR-VIT  or  Quartz. 

The  fine  control  of  the  optical  length  can  be  achieved  by  seans  of  a 
piezoelectric  elesent  which  translates  one  airror. 

The  error  signal  necessary  for  driving  the  piezoelectric  can  be  obtained  fros 
several  sources  such  as  :  the  optogalvanlc  effect,  the  profile  of  the  gain  curve  or 
by  observing  the  beat  frequency  of  two  lasers. 

We  report  the  study  of  two  lasers  designed  in  the  LNETI. 

The  results  for  passive  stabilization  were  better  tlum  10^. 

The  active  stabilization  was  achieved  by  seana  of  Die  optogalvanlc  effect. 


WA  3 


SPINOUAL  UKTKKMINATIUN  IN  POLYMER  OLICOMEK  MIXTURE  IN  SOLUTION  BY 
LASER  LIOIIT  SOATTERIMS 

L.U.  Uesteros,  Y.  Vazquez  and  A.  PeniAndez 

Oepartaaento  de  Qulnica  Fisica.  Orupo  de  Nuevos  Hateriales.  Facultad 
de  Cieiiciaa.  Universidad  del  Pals  Vasco.  Apartado  64A .  Bilbao.  Espaiia 

III  tile  coopa  1 1  b  1 1  1 1  y  study  of  high  aolecules  still 
exists  several  dark  (loiiits,  particulary.  in  the  case  of  the 

■echanisas  to  aolectilar  level  of  the  ■isclbility-  The  laser  light 
scattering  allows,  if  one  of  the  two  polyaers  is  of  very  low 
■olecular  weight,  to  analize  with  precision  phenoaena  such  as  the 
preferential  solvation  or  the  ae taes ta b i 1 i t y  conditions  of  the 
aixture  (spiiiodal).  This  can  aid  to  understand  the  interaction 
aechanisa  of  the  species  in  solution.  In  this  Coaunicstion  we  study 
the  spiiiodal  of  the  aixtoie  of  poly(»-vinyl  carbazole)  with  several 
po  1  y  (  e  t  hy  I  eiie  oxide)  oligomers  in  t  e  t  raliydr  o  f  u  r  an  (TIIF). 


ABSTRACT 


A  fast  response  Wobbe  meter  for  natural  gas  Is  described.  The  working 
principle  of  the  Wobbe  meter  Is  baaed  on  a  relationship  between  the  Wobbe 
Index,  the  concentration  carbon  dioxide  and  nitrogen  and  the  specific 
density  of  natural  gas.  The  concentrations  are  determined  by  Raman 
spectroscopy. 

A  Helte  laser  serves  as  the  light  source  which  generates  Raman  scatter  in 
a  cuvette  filled  with  natural  gas.  A  part  of  the  scattered  light  Is 
picked  up  and  passed  by  two  fibre  optic  cables  to  detection  equipment. 
Filters  are  used  to  allow  Raman  light  respectively  CO^  Raman  light 
to  pass.  The  power  of  the  light  passing  the  filters  Is  determined  by 
photomultipliers.  The  concentrations  are  calculated  from  the  power  of  the 
Ramen  light  signals,  the  pressure  and  temperature  of  the  gas  flowing 
through  the  cuvette,  the  laser  power  and  calllbratlon  data.  The  accuracy 
of  the  concentration  meters  Is  better  than  0.25X  (gas  =  lOOX).  This 
figure  can  be  attributed  to  the  statistical  fluctuations  of  the  Intensity 
of  the  Raman  light  and  to  the  way  of  estimating  the  background  of  the 
light  signals.  The  response  time  Is  only  8  seconds. 
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The  accursey  of  the  Wobbe  meter  Is  better  than  0.2S  MJ/m  which  Is  good 
enough  for  a  control  Instrument. 
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SUIU'AC'K  OllAl.l'l'Y  ASSESSMENT  UY  LASEH  TECHNIQUE 


I  M.Bertolotti,  L.Fabbri,  C.Sibilia 

^  Dlpartimento  di  Energetica-  Universita*  di  Roma  "La  sapienza" 

I  Via  Scarpa  16,  00161  Roma,  Italy  and  GNEQP  -CNR 


A. Ferrari 

Dipartimento  di  Elettronica-  Via  Eudossiana  19,  Roma,  Italy 


ABSTRACT 

A  method  to  assess  the  quality  of  solid  surfaces  is  de¬ 
scribed  using  the  photothermal  deflection  technique.  The  me¬ 
thod  is  sensitive  to  local  changes  of  optical  and/or  thermal 
properties  of  the  inspected  surface.  Application  to  the  qua¬ 
lity  of  optical  coating  of  mirrors  is  described. 


INIKKACriON  PAHAHETEHS  OF  POI.VHER-POLYMER  SYSTEMS  BY  LASER  LIGHT 
SCATTERING 

1.  Katime,  N.  Gonzalez,  M.  Rodriguez  and  J.R.  Uuiiitaiia 

Departanento  de  Qulnica  Flsica.  Grupo  de  Nuevos  Materiales.  Facultad 
de  Ciencias.  Universidad  del  Pais  Vasco.  Apartado  644.  Bilbao.  Espaiia 

One  of  the  nost  complex  aspects  of  the  study  of  mixture 
of  polymers  is  the  determination  of  interaction  parameter  X12. 
Recently,  several  authors  has  been  proposing  its  determination  on  the 
basis  of  laser  liglit  scattering  technique,  in  a  solvent  which  its 
refractive  index  ranges  between  the  refractive  index  of  both 
polymers.  These  conditions  are  called  "optical  tlieta  conditions".  In 
this  Comunication  we  show  the  results  obtained  of  the  study  of 
interaction  parameter  of  the  Polystyrene/Pol y(Methyl  Methaeryial e) 
mixtures  in  nitrobenzene,  as  a  function  of  molecular  weight  of  both 


po 1 yme  r  s  . 


For  the  invited  paper  to  the  1988  International  Conference  on  Laser 
Technologies  in  Industry.  6-8  June,  1988,  Porto,  Portugal 
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All-Optical  Mide-Area  Renote  Sensing  of  Dispersals  of  Uhsafety  Gases  by 
Near- Infrared  Absorption  Based  on  Low- Loss  Optical  Fiber  Network 

Huaio  Inaba 

Research  Institute  of  Electrical  Conaunication 
Tohoku  Ikiiversity,  Katahira  2-1-1,  Sendai  980,  Japan 

-  0-  ■ 

ABSTRACT  '  ’ 


Optical  fiber  sensor  technology  is  a  subject  ot  considerable  interest  and 
various  techniques  have  been  iapleasnted  for  the  aeasureaents  of  a  nuaber  of  phy¬ 
sical  and  cheaical  paraaetera.  Based  on  the  author's  earlier  idea  in  1979  for  a 
new  capability  of  this  technology,  an  optical  network  systea  eaploying  tow-loss 
optical  fibers  has  been  analysed  and  exaained  for  reaote  sensing  of  environaental 
pollution  and  spilled  dispersals  of  coabustible,  explosive  end  toxic  gates  /  vapors 
by  the  spectroscopic  absorption  aethod,  in  .various  industrial  and  aining  coaplexes 
at  well  as  in  urban  and  residential  area. 

This  regiae  of  fiber-optic  gas  reaote  sensing  has  practically  useful  features 
because  the  optical  energy  can  be  concentrated  and  tranaaltted  in  low-loss  optical 
fibers  even  for  long  distance  over  several  tens  ka,  instead  of  the  open 
ataiosphefa.  '  'Therefore,''a''ful'ly  opitAl,' reliable,  sensitive,  Iow-cott''(with  low- 
power  lasers  or  even  conventional  nonlaser  sources),  feasible,  real-tiae,  nonha- 
sardous,  e.g.,  eye-sa'fe  and  explosion-free  technique  can  be  realised  for  various 
stressing  environaenta  and  severe  conditions.  This  aethod  also  has  the  capability 
of  little  optical  interference,  end  of  continuous  surveillance  with  easy  calibra¬ 
tion,  wide  selectivity,  and  no  electrical  induction. 

The  present  paper  suaaarises  and  discusses  aainly  the  basic  subjects  and  expe- 
riaantal  results  of  a  low-loss  optical  fiber-based  reaote  sensing  syscea  of  various 
dangerous  and  polluting  gaaes  which  have  been  investigated  in  ay  laboratory,  with 
specific  eaphasis  on  the  use  of  near-infrared  wavelengths  ranging  froa  1.0  pa  to  1.8 
pa  for  this  purpose.  Hessured  results  of  fully  optical  reaote  detection  achieved  in 
a  disaster  up  to  20  ka  utilising  presently  available  very  low-loss  silica  optical 
fiber  links  are  also  presented  for  hydrocarbons  including  CH^,  CjHg  and  C2H^  in  this 
wavelangth  region. 
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In-Situ  measurement  of  ammonia  with  a  co^-waveguidelaser  system 


H.  Neckel,  J.  Wolf rum 


Ruprecht-Karls-UnlversitAt  Heidelberg,  Physikalisch-Chemisches 
Instltut,  Im  Neuenhelmer  Feld  2S3,  D  6900  Heidelberg 


ABSTRACT 

A  laser  gas  monitoring  system  Is  developed  to  measure  In-Sltu 
concentrations  of  gaseous  pollutants  (our  case;  ammonia)  at 
various  temperatures.  Heart  of  the  system  Is  a  tunable 
wavegulde  laser.  By  varying  the  resonator  length  the  laser  Is 
frequency  modulated  between  two  neighbouring  emission  lines. 

One  line  Is  absorbed  by  the  species  Investigated,  while  the  other 
Is  used  as  a  reference.  By  this  referencing  the  system  Is  auto- 
calibrated  contlnously.  The  high  spectral  resolution  of  the  laser 
method  supresses  disturbing  influence  of  other  species.  A  fast 
evaluation  of  the  digitalised  signal  shortens  the  measurements 
time  down  below  one  minute.  The  lasers  high  output  power  Is  used 
in  a  multiple  path  arrengement,  which  allows  the  detection  of 
ammonia  concentrations  in  the  one  vppm  range.  First  results  of 
measurements  in  a  power  plant  are  reported. 
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Optical  Detection  of  Bacteria  using  a  I . uor jscent  Immunoassay 
R.W.  Wygant,  S.P.  Almeida^  M.D.  Pierson  ,  J.C.  Hedrick* 
Departments  Physics  and  Pood  Science  and  Technology 
Virginia  Polytechnic  Institute,  Blacksburg,  Virginia  24061 

and 

Gwyneth  B.  Churchill  and  Howard  P.  Groger 
American  Research  Corporation  of  Virginia 
P.O.  Box  3406,  Radford,  Virginia  24143 

ABSTRACT 

Total  internal  reflection  fluorescent  iminina^gliMy.y^ectiplqiies 
provide  a  powerful  method  of  detecting  biological'  antigens  and 
toxins.  Experiments  have  been  performed ■ using  two  types  of 
f luorescent  ly  labeled  antibodies  to  two  different  antigen 
producing  bacteria  types.  The  sensitivity  of  the  technique 
appears  to  be  determined  by  the  affinity  of  the  polyclonal 
antibodies  used  to  the  spec'ific  antigen  producing  bacterial 
species.  For  a  specific  antibody-antigen  system,  the  detection 
limit  was  as  low  as  10,000  cells/ml,  while  for  more  generalized 
polyclonal  antibodies,  the  detection  limits  varied  between 
different  species  producing  the  same  antigen.  It  is  hypothesized 
that  these  varying  detection  limits  are  a  manifestation  of 
variation  either  in  the  amount  of  antigen  produced  or  in  the 
actual  molecular  makeup  of  the  antigens  produced  by  related 
species.  For  tests  performed  using  fluorescelil>  isothiocyanate 
(FITC)  labeled,  affinity  purified  polyclonal^ antibodies  to 
Salmonellae  antigen,  detectability  varied  from  error  free 
detection  of  several  species  at  the  concentration  of  1,000,000 
cells/ml.  It  is  expected  that  with  the  development  of  suitable 
antibodies,  ,  ^he  technique  could  be  .applied  to..the  detection, Af 
virtually  any  toxin,  and  could  be  developed  for  in-sltu 
monitoring  applications. 


Laser  Systems  for  Bio-medical  Applications 


V. Russo 

Dip.  Ing.  Elettronlca,  Univ.  Salerno,  Salerno,  Italy 


The  possibility  to  use  the  laser  radiation  as  therapeutic 
tool  in  medicine  is  already  established  all  over  the  world. 

After  a  wide  and  deep  investigation  on  the  laser-tissue 
interaction,  the  laser  is  included  today  in  the  modern  medical 
apparatuses . 

Laser  centers  are  .  located  in  Hospitals  where  the  patients 
suffering  of  different  deseases  can  take  advantages  of  the  pro¬ 
perties  of  this  new  medical  Instrument. 

Laser  systems  having  CO^,  MdYAG,  Argon  sources  are  routinely 
used  in  many  specialties.  When  combined  with  optical  fibers  they 
allow  non  invasive  solution  to  interventions  that  previously  re¬ 
quired  open  field  surgery.  (Gastroentherology ,  Pneumology,  Urology, 
etc.) 

The  laser  has  become  a  very  important  instrument  in  oftalmology 
for  its  capability  to  produce  therapeutically  significant  photo¬ 
coagulation  (microsurgery).  New  laser  systems  as  diode  lasers 
have  been  suggested  in  this  particular  field. 

Laser  systems  for  tumor  treatments  and  diagnosis,  and  for 
laser  angioplasty  will  be  discussed  in  detail  for  their  present 
wide  interest  in  view  of  in  vivo  applications. 


WA  10 


SUMMARY  OF  ABSTRACT 

ORTHOPAEDIC  DEVICES  EXAHINATED  BY  HOLOGRAPHIC  INTERFEROMETRY 

Hal ina  Podbialska 

Institute  of  Physicsi  Technical  University  of  Mroclawi 
Uybrzeze  Wyspianskiego  27>  Mr oc I  aw/Pol  and 

Henryk  Kasprzak 

Institute  of  Physics,  Technical  University  of  Mroclaw, 

Mybrzeze  Wyspianskiego  27,  UrocI aw/Pol  and 

6er  t  von  Bally 

Medical  Acoustics  and  Biophysics  Laboratory,  ENT-Clinic, 
University  of  Munster 


The  double-exposure  holographic  inter ferometry  was  used  to  study 
the  mechanical  proporties  of  the  fractured  huisan -tibia-  --suppor ted 
by  different  fixing  devices:  osteosynthetiCTv:..  plate, 

I  ntramedullar  nail  and  external  fixator.  Differences  in 
mechanical  reactions  to  external  load  were  analyzed  for  three 
types  of  fixation.  Three  different  loading  conditions  were 
examined:  compression,  torsion,  and  bending.  The  mechanical 

advantages  of  the  external  fixation  were  pointed  out. 
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Abstract 


HaPJGRAPHIC  aOOSOOPY 


G.  von 

Laboratory  of  Bl0pi^sics>  Inst,  of  Ejqserijnental  Audiology, 
University  of  Mtinster, 

Knrdinal-von-Galen-Ring  10,  D-4400  Miinster,  Federad  Republic  of  Gennany 


Although  today  endoscopy  has  established  its  place  in  many  technical  and 
medical  disciplines,  it  has  not  yet  exceeded  the  function  of  a  qualitative, 
subjective  observation  method.  Yet,  modem  diagnostic  techniques 
increasingly  require  an  objective,  quantitative  determination  of  form, 
structure  and  (micro-)  movement  of  the  -  here  endoscopic  -  object  under 
study. 

In  principal,  there  are  two  jqfiroaches  in  developing  a  holographic 
endoscope: 

1 .  Holographic  recording  in  the  tip  of  the  instrunent: 

In  this  case  a  large  aperture  (resulting  in  lew  ^seclcle-nolse)  as  well 
as  a  large  focal  d^Pth  are  achieved  and  the  parallax  is  naintained. 
Drawbacks  are  large  outer  diameter  of  the  andoscope  needle  and  the 
necessity  to  develop  a  oomlete  new  type  of  endoscope  ( 1 ) . 

2.  Holographic  recording  with  an  external  holographic  camera: 

The  oonstruction  of  an  external  (endoscopic)  hiolographic  camera  allows 
the  use  of  conventional  endoscopes.  This  means  that  also  modem 
developments  of  endoscopes  with  extremely  small  outer  diameter  can 
be  attached.  These  advantages  have  to  be  paid  for  by  loss  of  parallax, 
snail  entrance  pxpil  (resulting  in  an  Increased  speckle-noise) ,  and 
restrictions  by  the  gi\'en  optical  performance  data  of  the  endosccpic 
optic  like  focal  depth,  spherical  abbeixations  etc. 

For  the  development  of  a  holographic  endoscope  easy  handlbig  and  flexibility 
are  essential,  v,hich  requires  the  use  optical  fibers  (2). 


Bcperlinental  results  to  overocoe  cihstacles  like  the  necessity  of  naintalning 
nsde-structure  and  oohezenoe  of  laser  U^t  by  the  use  of  single- 

node  fibers  as  well  as  high  (optical)  power  trananisslon  capdslllly  for 
pulsed  ruby  laser  applications  as  necessary  for  in-vivo  investigations 
are  presented  (3) . 

(1)  Hadbawnikf  D.  (1976):  Hologn^iiic  EAdosoopy,  OptiJc  45,  21  (in  Germn, 
Bigllah  abstract) . 

(2)  Bjelkhagen,  B.  (1988) :  Holographic  Bniosoopy  Thxouc^  optical  Fibers, 
Proceedings  ICAIH)  *87,  Int.  Ocnf.  Laser  Research  in  Madicine, 

San  Diego,  Mov.  9  -  11,  1987. 

(3)  von  Bally,  G.  (1988):  Hologrsfhic  BndosooEy,  Proceedings  XCAUBO  *87, 
mt.  Conf.  Laser  Research  in  Hedicine,  San  Diego,  Nov.  9  -  11,  1987. 
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ABSlUACr 


Iwo  unconventional  methoda,  wftlch  eay  be  used  In  aone  caaea  to  control  Heat  conduction 
conditions  reaponalble  for  secondary  effects  both  In  laser  surgery  and  In  laser  material 
transformation,  are  presented.  Ihe  tools  developed  for  this  purpose  are  based  either  on 
thensoelectrlcal ly  controlled  (TGC)  or  on  theniodynamlcally  controlled  (TDC)  temperature 
pattern  generation  around  the  acting  laser  beam.  Using  TBC  laser  scalpel  secondary  tissue 
damages  may  be  avoided,  while  transformation  hardening  by  laser  radiation  may  be  controlled 
throu^  the  thermodynamic  effect  known  as  Ranque- effect. 

1.  INTRODUC  now 


High  power  lasers  are  becoming  Increasingly  important  tools  In  two  areas  of  everyday 
lifei  In  medical  field,  as  a  replacement  of  mechanical  and/or  electrical  scalpel,  and  In 
engineering,  as  a  noncontact  method  for  material  transformation.  Their  major  role  as  an 
alternative  or  adjacent  to  existing  methods  Is  to  alter,  excise  or  remove  material  consld 
ered  to  be  excessive.  .  > 


Although  the  exact  physical  mechanism  responsible  for  these  effects  Is  In  SK>sr  cases  not 
entirely  understood,  there  la  no  doubt  that  heat  generated  by  the  absorption  of  laser  radia¬ 
tion  plays  an  important  role  even  In  cases  such  as  laser  driven  chemical  reactions.  The 
large  absorption  coefficient  at  a  given  wavelength  assures  the  deposition  of  most  of  the 
energy  In  a  rather  small  volume,  cliereby  Inducing  a  rapid  temperature  Increase  and  resulting 
In  high  temperature  gradient  pointing  from  the  surface  not  only  Into  the' underlaying %aterl* 
al  Isyera,  but  also  In  all  directions  on  the  material  surface  itself,  thereby  promoting  the 
conduction  of  heat  from  the  Illuminated  material  layer  to  unexposed  areas.  This  conducted 
heat  may  have  an  effect  on  the  goal  one  wants  to  achieve  by  using  Intense  laser  radiation 
not  only  by  depriving  thermal  energy  from  the  area  the  property  of  which  la  to  be  altered, 
but  also  by  varying  the  temperature  of  the  nonlllumlnated  area. 

It  can  be  shown'  that  If  h  la  a  distance  froi.  the  point  of  attack  P  of  the  laser  bean  on 
the  surface  of  question,  the  local  tenperaturo  wHl  rise  here  as 

T  -  Tg  ■  (P/deKh)  erfe  (*) 

where  R  -  h/2(kt)*^*,  and  the  themal  conductivity  K  la  related  to  the  thermal  dlffuslvlty  k 

as 


k  -  k/i-c^ 


(2) 


and  q  la  the  themal  energy  resulting  from  the  absorption  of  the  laser  radiation  at  point  P. 
The  erfe  (R)  La  an  error  function  which  la  'vl  If  R  Is  small,  and  with  the  Increase  of  R  It 
decreases  monotonously  to  0. 


Thus,  the  result  of  the  Interaction  of  Intense  User  radiation  with  matter  In  the  vicini¬ 
ty  of  the  point  of  laser  attack  strongly  depends  upon  conditions  of  the  energy  /„ 

through  heat  conduction  which,  however,  could  be  Influenced  by  the  functions  St/ds  end  dh/dt 
where  dt  •  T  -  T  .  and  ds  the  time  Interval  In  which  the  temperature  change  takes  place, 
o 

We  present  in  this  paper  therefore  two  methods  which  may  be  used  In  some  cases  to  control 
the  heat  conduction  conditions  and,  thereby,  the  3-D  temperature  distribution  In  the  vicini¬ 
ty  of  the  impact  point  of  the  intense  laser  radiation. 


In  our  reasoning  until  now  we  have  made  no  distinction  In  the  character  of  the  material 
the  laser  light  Is  acting  upon,  alnce  the  basic  lawa  for  User- Induced  thermal  effects  are 
the  same  for  both  living  and  nonliving  material,  l.e. ,  for  biological  tissue  and  engineering 
materlalsf  the  only  difference  U  that  the  boundary  conditions  are  not  the  same.  This,  how¬ 
ever,  means  that  tools  that  can  be  used  In  laser  surgery  to  control  some  of  the  ^ 

heat  effects  may  be  practically  the  same,  from  polnj  ?hf*  SSJ^ds  iuR- 

to  control  \an/r  material  transformations.  Therefore,  we  describe  one  of  the  methods  sug 


Automatic  Surface  Analysis  of  Projection  Intereference  Fringes 


S.P.  Almeida,  R.W.  Wygant  and  O.D.D.  Soares 
Virginia  Polytechnic  Institute  and  State  University, Department 
of  Physics,  Blaclesburg,  Virginia  24061 
*NIC-Centro  de  Flslca,  Unlversldade  do  Porto,  4000  Porto, Portugal 


ABSTRACT 


Projection  fringe  Interferometry  offers  a  powerfal  method  of 
surface  analysis.  Two  collimated  coherent  laser  beams  are 
projected  onto  the  surface  to  be  analyzed.  The  surface  can  be 
either  an  optical  or  non-optlcal  one.  The  resulting  Interferogram 
Is  digitized  and  stored  in  a  micro-computer.  Special  algorithms 
were  written  to  automatically  track  the  recorded  fringes.  The 
computer  analysis  performs  noise  reduction  In  the  bias  Intensity 
of  the  fringes  as  well  as  the  noise  do  to  coherent  laser  speckle. 
Image  processing  of  the  interferogram  results  In  a  phase  map  of 
the  surface.  From  this  three  dimensional  topological  mapping 
statistical  parameters  are  evaluated  to  characterize  the  surface 
micro-structure.  The  parameters  determined  include:  average 
roughness  and  the  autocorrelation  lengths.  The  geometrical  optics 
designed  can  be  net  to  obtain  a  surface  resolution  whose  range 
can  be  varied  from  submicron  to  millimeter  in  both  lateral  and 
vertical  directions.  Surface  areas  to  be  analyzed  can  vary  from 
microns  to  centimeters  squared. 

Results  are  presented  for  surface  analysis  of  an  oxidized 
rbbg'hly  cut  block  of  iron.  In  spite  of  the  poorly  reflecting 
surface,  the  projection  fringe  method  was  able  to  achieve  good 
agreement  with  results  obtained  via  the  stylus  profllometer  method. 
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Surface  Inspection  of  Laser  Burnt  Alloy  via  Three  Dimensional 
Computer  Color  Contouring 

R.W.  Wygant  ,  S.P.  Almeida,  R.J.  Churchill*  and  H.P.  Groger* 
Virginia  Polytechnic  Institute  and  State  University,  Department 
of  Physics,  Blacksburg,  Virginia  24061 
American  Research  Corporation  of  Virginia,  642  First  Street, 
Radford,  Virginia  24143-3406 


ABSTRACT 


The  Inspection  of  a  laser  burnt  alloy  is  performed  via  use 
of  a  microcomputer  on-line  to  a  digitizer  which  records  the 
Inter ferogram  produced  using  projection  interference  techniques. 
The  burning  was  performed  via  a  high  powered  pulsed  Industrial 
carbon  dioxide  laser.  The  resulting  burns  varied  in  quality  over 
the  two  surface  dimensional.  Surface  micro-structures  were 
analyzed  using  the  recorded  inter ferogram.  Special  image 
processing  algorithms  were  developed  to  extract  the  burn  features 
from  the  surrounding  background. 

Results  are  presented  depicting  variations  in  the  burns. 
They  reveal  the  quality  of  the  laser  pulse  and  its  effect  on 
different  areas  of  the  alloy.  Lateral  and  depth  resolutions  of 
the  order  of  a  few  microns  were  achieved.  A  topological  mapping 
of  the  burns  Is  presented  as  .a  three  dimensional  color  contour  of 
the  surface. 
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SURFACE  ROUGHNESS  MEASUREMENT  BY  SPECKLE  PROCESSING  IN 
A  OEPOCU8ED  PLANE 

MlUEli  A.  Mttor  A.  Aolo|«iQi^,  SnriiiUK  S.  Sicra^  and  Mario 

OantvafllaS. 

OMtto  da  tovcatitaeionea  Optleaa  (ClOp) 

Caailla  da  Gorrao  124 
1900  La  Plata,  Argantlna 


ABSTRACT  , 

Tha  difftmlag  aurPaca  undar  invaatlgation  la  aimiltaaaoaaly 
illuatlaaead  with  two  laaar  baaM  having  dlffaratit  poXarlaation  atataa. 
laaldaa,  aach  laaar  baas  iwpingaa.the  aurfaea  at  a  difiaient  inoidant 
aagla*  M-aa^ltgr  ao  laiaglag  optical  apataa  whoaa  pupil  juah  eonalata 
of  two  latarallp  ahifcad  oircular  apaccutaa,  aaeh  ona  provided  with  a 
poiariiiag  ahaac,  Tharafora,  at  a  defoeuaad  plana,  two . partially  cor- 
ralatad  apaoUa  pat  tamo  ara  fomad.  Surfaea  paranatara,  auch  at  tha 
naa  rouptoaaa,  oan  h*  obtainad  froat  tha  Maaaarad  eorralation  dagraa  by 
optical  or  alaetronic  naana,  Zn  tha  latar  oaaa,  raal  tiua  MaaauxaBanca 
oan  ba  parforaad  within  20  iwiag.  An  advantaga  of  the  propoaod  aatbod 
ariaaa  froM  ita  larga  Maaoting  ranga. 


1  Pallewahip  of  tl«  OoidaiSa  da.tByaatigacionao  Cianclficaa  da  la 
frovinela  de'  Bidim  Aiwa  (CIC) 

2  Naabar  of  tha  Carrara  dal  Znveatigador  Ciantlfieo  y  TacnolSgioo  dal 
Coaaojo  Maoional  da  Zavaatigacionea  Ciantfficaa  y  Tdonicaa  (COMICST) 


Papar  to  ba  praoaatad  at  tha  19SS  ZntatAatioaal  Confaranoa 
LASn  ttCMObOOZSS  ZM  ZHBOSnY,  juna  6-S,  Porto,  Portugal 
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A  LASER  RANGEFINDER  FOR  HOT  SURFACE  PROFILING  MEASUREMENTS 

* 

Kari  Mttatta,  Juha  Kos tamovaara ,  Risto  Myllyia 
University  of  Oulu 

Department  of  Electrical  Engineering 
Electronics  laboratory 
SF-90570  Oulu  FINLAND 

• 

Technical  Research  Centre  of  Finland 
Electronics  Laboratory,  P.O.Box  I8I 
SF-90570  Oulu  FINLAND 

ABSTRACT 

A  time  of  flight  laser  rangefinder  is  described  for  use  mainly  in 
iron  works  where  the  profiles  of  converters  have  to  be  measured  and 
its  performance  evaluated.  The  main  problems  are  extremly  high 
temperatures,  usually  about  1200  -  1400*0,  a  low  reflection 
coefficient  and  a  relatively  long  measurement  distance,  10  -  20  m. 
Thus  the  signal  to  noise  ratio  (SNR)  is  low  and  averaging  has  to  be 
used  to  achieve  good  resolution.  On  the  other  hand,  the  total 
profiling  time  has  to  be  short  enough  that  converters  are  not  put 
out  of  production  for  any  length  of  time.  The  rangefinder  can  also 
be  used  for  ordinary  passive  targets  at  distances  of  up  to  200  -  300 
met  res . 

The  laser  rangefinder  consists  of  three  units:  an  optical  measuring 
head,  the  electronics  and  a  computer.  The  optical  measuring  head  is 
connected  to  the  electronics  via  optical  fibres  and  contains 
parallel  transmitter  and  receiver  optics.  Background  radiation  is 
reduced  by  means  of  a  narrow-band  interference  filter  between  the 
lens  and  fibre  head.  The  measuring  head  is  mounted  on  a  stand  which 
contains  angular  sensors  for  measuring  its  horizontal  and  vertical 
pos i t i on . 

The  electronic  unit  cuni.nins  the  transmitter.  a  receiver  and  time 
laensuroment  e  I  ec  run  i  r  s  ,  which  are  controlled  hv  a  microprocessor. 


The  CransBltter  contains  a  s/h  laser  with  an  optical  output  power  of 
about  15  W  Measured  at  the  fibre  head.  The  aaxlaus  pulse  repetition 
rate  Is  5  kHz  and  the  pulse  width  about  10  ns.  The  receiver 
electronics  consist  of  a  translapedance  preaaplifler  with  an 
avalanche  photodiode  and  two  postaeplifiers .  The  bandwidth  of  the 
aaplifler  stage  is  about  120  MHz.  Gain  control  (AOC)  is  electronic, 
incorporating  a  pin  diode  attenuator  and  a  constant  fraction 
discrlalnator .  The  transit  tlae  of  flight  pulse  is  Measured 
digitally  by  counting  100  MHz  oscillator  pulses.  The  electronics 
contain  analogue  interpolation  circuitry,  increasing  the  single  shot 
resolution  to  about  30  ps  (o  value)  and  thus  reducing  the  Measuring 
tlae.  The  electonlc  unit  is  connected  to  the  conputer  via  a  RS232C 
serial  interface. 

The  signal  to  noise  ratio  under  the  real  Measurenent  conditions  is 
about  40  -  10  in  the  case  of  a  hot  converter  where  the  tenperature 
varies  between  1100  and  1350  *C  and  the  Measuring  distance  is  12  - 
20  a.  The  Measured  single  shot  resolution  is  about  400  ps  (o  value) 
if  SNR  «  10,  but  laproves  as  the  SNR  increases,  to  70  ps  (SNR  >  70 
).  The  resolution  can  be  inproved  by  averaging  to  about  3  PS  (1000 
weasureaents) .  The  aeasureMent  time  is  Halted  by  the  Baxiaua 
pulsing  frequency  of  the  laser,  and  is  less  than  1  s  when  1000 
aeasureMents  are  being  averaged.  The  linearity  of  the  systea  is 
Halted  by  the  AGO.  The  non-linearity  in  the  20  a  aeasureaent  range 
has  been  Measured  to  be  less  than  1  cm. 


Suasary  of  abstract 

A  laser  rangefinder  for  profiling  aeasureaents  of  hot  surfaces  in 
steel  works  (t  <  1400*C)  is  described.  MeasuroMents  can  be  perforaed 
if  the  signal  to  noise  ratio  is  greater  than  10.  and  a  resolution  of 
few  allllHetres  can  be  achieved  with  Measuring  tlMes  shorter  than  1 
second.  The  non-linearity  of  the  rangefinder  is  less  than  1  cm  in 
the  20  Metres  aeasureaent  range. 


Eddy  Current  Nondestructive  Evaluation  of  Laser  Glazed  Metallic  Surfaces 
R.J.  Churchill,  J.M.  Glass,  H.P.  Groger  and  S.S.  Lane 
American  Research  Corporation  of  Virginia,  P.O.  Box  3406,  Radford,  Virginia  24143 

ABSTRACT 

Laser  glaring  is  the  process  in  which  a  shallow  surface  layer  of  material  is  melted 
by  a  high  power  laser  beam,  followed  by  rapid  solidification  to  produce  a 
microcrystalline  layer  having  improved  resistance  to  wear,  erosion,  corrosion,  fatigue 
and  impact.  The  laser  glazing  process  holds  great  potential  for  the  production  of  new 
and  improved  materials,  but  there  is  a  need  to  monitor  and  control  the  thickness  of  the 
glazed  layer  and  to  monitor  porosity  and  other  defects  in  the  surface  layer  and'adjacent 
substrate.  This  paper  describes  eddy  current  nondestructive  evaluation  techniques  to 
characterize  melt  depth,  evaluate  microstructures  and  detect  flaws  in  laser  glazed 
metallic  surfaces.  Eddy  current  methods  of  nondestructive  testing  rely  for  their 
operation  on  the  interaction  of  sinusoidally  varying  or  pulsed  electromagnetic  fields 
with  the  metallic  part  under  test.  Such  fields  induce  eddy  currents  in  the  specimen  and 
the  eddy  currents  set  up  their  own  electromagnetic  field  distribution  which  couples 
with  the  initial  excitation  field  produced  by  a  coil.  This  coupling  effectively  transfers 
the  impedance  of  the  test  specimen  to  the  excitation  coil,  so  that  changes  in  the  test 
specimen  which  affect  the  transferred  impedance  may  be  detected  by  the  excitation  coil. 
Questions  to  be  addressed  in  the  paper  include  definition  of  experimental  parameters  of 
laser  glazing  of  metallic  surfaces,  eddy  current  probe  suitability  for  reliable 
measurement  of  thin  layers,  ranges  of  operating  conditions,  sensitivity,  speed  of 
response  and  feasibility  of  eddy  current  nondestructive  sensors  for  use  in  process 
control.  Results  on  hardness,  thermal  stability,  wear  and  corrosion  resistance  will  also 
be  addressed  in  relation  to  materials  of  interest  to  the  energy-related  industries. 
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SILVER  HALIDE  SENSITIZED  GELATIN  AS  A  HOLOGRAPHIC 
STOROGE  MEDIUM 

A.  Fimia,  I.  Pascuat  y  A.  Belindaz. 

Dpto.  Intemniveraitario  de  Optica.  Secci6n  de  4/icaiite.  Labwatorio 
de  Optica,  Apdo.  99,  Alicante  03080, 


ABS711ACS 


Silver  halide  sensitized  gelatin  is  one  of  the  most 
promising  techniques  for  the  manufacturing  of  transmision  hologra¬ 
phic  optical  elements.  These  techniques  combine  the  relatively  high 
sensitivity  of  photographic  material  with  the  low  scattering  and 
high  light-stability  of  dichromated  gelatin.  The  influences  of  the 
developer  and  the  bleaching  in  the  difraction  efficiency  and  noise 
is  analized  starting  with  Agfa  8E  75  HD  plates. 

According  to  P.  Hariharan*,  we  analized  the  processing 
steps  and  this  show  that  the  developer  action  influences  on  the 
noise  level  and  the  modulation  transfer  function.  The  developer  of 
the  type  PAAP  produces  better  resolution  and  less  noise  level  than  the 
developer  D-19. 

The  bleaching  action  is  related'to  the  difraction  efficiency 
and  the  hardening  level  of 'the  gelatin:  The  hardening' "attion  is 
promoted  by  trivalent  chrot^Nn  ions  which  are  generated  in  the 
vicinity  of  the  oxidized  silver  grains  and  controled  by  the  ratio 
concentration  to  the  Cr*^  ions  and  Br~  ions  of  the  bleaching  bath. 
The  measurements  of  the  difraction  efficiency  in  the  different  steps 
of  the  processing  give  us  information  about  the  mechanism  of 
hologram  formation. 

We  have  obtained  a  holographic  lens  of  20  cm  diameter 
with  a  uniform  difraction  efficiency  which  demostrates  the  posibili — 
ties  of  these  processing  tecniques. 


P.  Hariharan,  "Silver  Halide  Sensitized  Gelatin  Holograms: 
Mechanism  of  Hologram  Formation",  Appl.  Opt.  25,  20i0  f 1.9861. 
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Abs I rac  I 

A  method  of  laser-beam  ••''anning  film  thickness  measurement 
based  on  monochroma t i c  i n lerferome tory  is  proposed.  To  make 
possible  the  measurement  within  the  range  o f  1  /i  m  to  several 
tens  u  m,  small  f-number  holographic  lenses  are  used  and  the 
good  results  are  obtained. 
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DRVRLOPMENT  AND  MANUFACTURING  OF  AN  INTEGRATRD  MINIATURIZED 
HOUIGRAPHIC  LA8RR-OOPPLER  OPTICS 

C.G.  Stojanoff.  Il.D.  Tholl.  P.  B&ttger,  R.Hftller 
Lehr-  und  Porachungageblet  llochtcmperaturthermodynamlk 
der  RWTH  Aachen.  Jftgerstr.  17  -  id,  6100  Aachen,  PRG 

ABSTRACT 

In  this  report  we  present  the  up-to-date  knowledge  acquired  in  the  design  and 
manufacturing  of  an  integrated  LDV  optics  composed  of  hoiographic  optical 
elements  (HOE)  recorded  in  dichromated  gelatin  layers.  The  holographic  process 
used  in  this  investigation  facilitates  the  achievement  of  high  diffraction 
efficiency  and  considerable  miniaturization  of  the  LDV  optics. 


The  Measurement  of  Dynamic  Displacement  Fields 
and  Strains  Using  Moire  Interferometry 

J.V.Tong,  H.Q.Li  and  Y.O.Jia 
Department  of  Mechanics, Tianjin  University, China 

ABSTRACT 

This  paper  presents  a  solution  to  the  problem  of  the 
displacement  in  a  plane  stress  specimen  with  two  half¬ 
circular  hole  during  the  propagation  of  stress  wave 
after  impact. 

The  solution  was  realized  experimentally  by  means  of 
moire  interferometry  method  using  a  double  pulse  Ruby 
laser.  The  load  of  impact  was  applied  by  a  pendulum 
hammer 

Two  suitable  external-trigger  mechanisms  was  used  to 
fire  the  Ruby  laser  at  pre-determined  intervals.  The 
first  and  second  expostire  times  are  controlled  respec¬ 
tively  by  a  photocell  and  contact-trigger .Ve  have  made 
cross-line  grating  using  a  design  of  optical  arrangement 
utilizing  the  technique  of  sticking  holographic  film, 
the  holographic  film  is  cement  on  the  surface  of  speci¬ 
men.  We  exposure  twice  before  and  after  impact  to  the 
specimen  and  then  pell  the  holographic  film  from  the 
specimen.  We  develop  and  fix  to  the  holographic  film. 

We  can  observe  moire  interferometry  patterns  when  the 
holographic  film  is  illuminated  using  white  light.  The 
moire  interferometry  patterns  of  the  U  and  V  displacem¬ 
ent  fields  were  recorded  on  a  holographic  film  at  23, 
33,43,53ms  after  impact. 

From  the  experimental  data,  a  polynomial  was  used  to 
express  the  U  and  V  displacement  functions  using  micro¬ 
computer.  We  can  obtain  the  normal  and  shear  strains  of 
any  point  on  the  section  of  specimen. 


Improvements  in  Moire' -Holographic  Gratings 
for  Structural  Analysis 


Francesco  Ginesu,  Raffaele  Rossi 

Oipartimento  di  Ingegneria  Meccanica 
091S3  Cagliari  -  Italy  tel.  070/880858 


Abstract  s 

The  Authors  present  a  simple  method  of  gratings  manufacturing  on 
perspeK  models,  used  for  structural  analysis.  The  technique  is 
briefly  described  and  the  quality  and  efficiency  of  grids  are 
discussed.  Two  simple  applications  are  illustrated. 
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THEftNOGRAPHY  OF  LASER  METAL-SHEET  WELDING 
P.  V«ld«sj  P.  Bllnws)  A.  OonilUx  ^ 

Laboratorio  d«  Invaitlgactonas  de  H»t*lurgla  Fftica  (LtNF) 

Faeuttgd  da  Inganlarfa,  Univarttdad  Nacional  de  La  Plata 
Avanida  I  y  47)  '  1900  La  Plata,  Argentina 

and 

E.  Gallago  Lluaama^ 

Centro  de  Invest  I gaclonat  Opticas  (ClOp) 

Campus  TecnolSgIco  de  Gonnet  (CIC) 

P.0,  Box  124,  1900  La  Plata,  Argentina 

ABSTRACT 

Whan  a  tasar  baam  strlkas  onto  a  metal  surface  the  electromagnetic 
wave  penetrating  the  buick  converts ‘itself  Into  aluctronlc  excitation, 
and  then  Into  thermal,  chemical,  and  finally  mechanical  energy.  When 
welding  thin  sheets  (lOO  <■  400  microns)  of  low-carbon  steel  with  a  low 
power  COi  laser,  the  work  bacomss  difficult  and  very  dependent  on  gco- 
matrias  and  shapes  of  parts  to  be  welded. 

The  state  of  the  surface  makes  the  emissivlty  (  and  absorptivity) 
vary  sensitive  to  the  physical  changes  of  the  processes. 

Wa  have  recorder  the  laser  weld  beads  with  an  Infrared  camera  and 
a  video  recorder.  Power  ranged  from  20  to  200  Watt  in  CW  operation, In 
pulsed  regime,  pulwidths  from  microsecond  to  tenths  of  second  were  used 
with  repetition  rates  from  10  Hz  to  1$  KH*. 

The  Imeges  of  the  sequences  were  digitally  processed  resulting  In 
a  signifivative  help  In  setting  the  approprlets  perameters  for  welding, 
at  well  as  to  appreciate  the  reel  boundary  conditions  for  modelling. 


1  Student  of  natal lurgic  fnglnaarlng 

2  Hambar  of  the  Carrera  dal  Investigador  ClentTfico  y  TecnolOalco  del 
Consejo  Nacional  de  Invest Igaclones  Clentffices  y  TScnicas  (CONICET) 

9  Hendter  of  the  Carrera  del  Investigador  Clentffico  y  TecnolOgleo  de 
la  CoffllsIOn  de  In vast Igaclones  Cientfflcas  da  la  ProvincIa  de  Buenos 
Aires  (CIC). 


Paper  to  be  praaanted  at  the  1999  Intamecional  Conference 
LASER  TECNOIOCICS  IN  INPUSTAV,  June  6-8,  Porto,  Portugal. 


St«inl«M  St««l  Cl«ddin£  of  Structural  Staals  by  C02 
LaMr  Holding  Tochniquo*. 
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Stool  cladding  procossos  aro  usually  porformed  In  dlfforont 
ways;  Hot  Rolling  Cladding.  Strip  Cladding,  Hold  Cladding, 
Explosion  Porsing. 

For  tho  first  tlso,  a  mddiuo  power  (2KH  c.w.)  COB  laser  was 
used  to  clad  structural  stools  (Pa  370),  3  and  5  ■«  thick, 

with  austenitic  stainless  stools  (AISI  304  and  AISI  316),  0.5 
and  1.5  mm  thick.  Tho  cladding  technique  wo  have  dovolopod 
uses  tho  laser  penetration  welding  process.  It  enables  one  to 
obtain  cladded  plates  by  making  narrow  weld  beads,  at  high 
processing  speeds  <4  -  10  n/nin),  which  penetrate  the 

structural  steel  substrate  through  a  depth  varying  from  to 
20H  of  the  cladded  plate  total  thickness.  So,  mono-  and  bi- 
cladded  plates  have  been  made.  Horeover,  a  cladding  process 
called  "mono-cladded  plate  with  insert"  was  tested.  In  this 
kind  of  experiments,  an  austenitic  stainless  steel  plate 
(AISI  304  or  AISI  316)  or  a  ferritic  one  (AISI  430)  is 
sandwiched  between  a  structural  steel  (Pe  370)  and  a 
stainless  one  (AISI  304  or  AISI  316)  to  form  a  wafer-like 
structure.  This  was  dona  to  reduce  at  the  minimum  level  the 
corrosion  risks  of  the  cladded  elements,  in  the  Junction 
points.  The  Influence  of  two  different  assistance  gases  (He, 
N2)  was  evaluated  at  varying  processing  speeds,  on  J>oth  mono- 
"ahd  bi-oladded  elements.  Furthermore,  metal lographlc 
examinations  and  microhardness  measurements  were  performed  on 
the  cladded  plates  in  order  to  characterize  this  new  laser 
cladding  technique. 


ABSTRACT 

A  laser  cladding  technique  was  developed.  To  do  this,  a 
medium  power  (2  KH  c.w.)  C02  laser  was  used.  Structural  steel 
IPs  370),  3  and  5  mm  thick,  was  cladded  with  austenitic 
stainless  steel  (AISI  304  and  AISI  316),  0.5  and  1.5  kun 
thick,  thus  obtaining  mono-  and  bi-cladded  elements. 


Metal-Silicon  Reactions  with  Laser  Pulses 
A.Luches,  E.D'Anna,  G. Leggier!  and  M.R.Perrone 
University  of  Lecce,  Department  of  Physics,  Lecce,  Italy 
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ASgTRACT 

The  work  done  on  the  synthesis  of  metal  sllicides  by  using  different 
pulsed  lasers  (ruby,  Ndtglass,  excimer)  Is  presented  and  discussed.  We 
found  that  exc^er  lasers  offer  much  better  characteristics  for  anneal¬ 
ing  of  metal/silicon  systems  in  comparison  to  solid  state  lasers. 

1.  INTRODUCTIOM 

Integrated  circuit  technology  has  advanced  significantly  since  the 
early  years,  when  structures  had  feature  sizes  of  10  um.  and  more,  to 
'he  present  time  when  devices  with  feature  sizes  of  0.8-1. O.um  and 
junction  depths  of  0. 1-0.2  um  are  produced.  Nevertheless,  the  increas¬ 
ing  demand  for  circuits  with  higher  speed  and  higher  component  densi¬ 
ties  is  leading  to  new  circuit  design  and  to  new  device  structures  ba¬ 
sed  on  innovative  materials.  Materials  at  every  level  of  device  archi¬ 
tecture  must  be  modified  or  replaced  as  circuit  elements  are  decreased 
in  size.  Considerations  of  power  loss  and  transmission  speed  are  driv¬ 
ing  integrated  circuit  designers  to  lower  operating  voltages,  where 
interconnect  resistivity  and  uniformity  become  increasingly  important. 

Metal  sllicides  are  of  great  interest  in  modern  integrated  circuits 
technology  to  provide  ohmic  contacts,  Schottky  barriers,  diffusion  bar¬ 
riers,  interconnects  and  so  on.  As  metallization  materials  they  have 
the  advantage  of  being  much  lower  in  resistivity  than  polycrystalline 
silicon.  Usually,  metal  sllicides  are  produced  by  evaporation  or  sput- 
ter  deposition  of  a  thin  metal  film  (typically  100  nm)  on  a  silicon 
substrate  (single  crystal  or  polysilicon),  followed  by  a  heat  treatment 
at  an  appropriate  temperature  (typically  1000  K,*  for  1000  s) .  The  heat 
treatment  is  usually  carried  out  in  a  vacuum  furnace  or  in  a  furnace 
lushed  with  inert  gas.  This  treatment  poses  some  problems.  In  fact, 
the  present  trend  in  integrated  circuit  technology  toward  higher  device 
packing  density  and  decreased  dimensions,  requires  low  resistance  thin 
film  materials.  But  the  used  materials  must  present  temperature  proper¬ 
ties  compatible  with  other  silicon  processing  operations.  Near-noble 
and  transition  metal  silicides  are  at  present  exstensivsly  studied. 
Near-noble  metal  silicides  form  at  quite  low  temperatures,  but  they  can 
suffer  phase  transformations  during  subsequent  thermal  operations.  In 
contrast,  transition  metal  sllicides  are  difficult  to  form  and  require 
annealing  at  very  high  temperature.  The  thermal  cycle  can  result  in 
significant  dopant  diffusion  in  the  silicon  substrate. 

The  main  advantage  of  the  laser  annealing  technique  is  then  evi¬ 
dent:  the  use  of  laser  radiation,  which  deposits  most  of  its  energy 
near  the  sample  surface,  allows  the  reaction  temperature  for  sillcide 
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IBOTUCT 


Alloya  ooatlnge  far  auperalloira  tor  laproved  higher  teaperature  (I200*C)  aarvtea  lire  under  aggreaalve 
ateoapharea  are  of  great  Intereat  at  preaant.  There  la  a  general  oonaenaua  that  addition  or  rare  eartha  auch 
ae  harniua  (Hr)  to  thaaa  alloya  haa  a  pronounoed  arraot  on  the  oaldatlon  realatanoa  propartlea  at  high 
taaperaturea.  In  situ  laaar  eladdlng  taohnlgua  uas  used  to  produce  Ni-Al-cr-Hr  alloys  with  extended  solid 
solution  of  W  In  a  naar  atotohlonatrlo  HljU  aatrla.  A  10  M  CH  CO^  laser  uas  used  In  oonjunotlon  with  a 
sorew-reed  powder  dispenser  to  parrorn  the 'in  situ  eladdlng  proeeaa.  Prsalaad  alloy  powder  rron  the  reader 
use  allowed  to  rail  onto  the  substrate  (Sene  80,  a  niokal  based  superalloy)  at  the  sane  tine  and  location  as 
the  laser  baas  In  order  to  rorn  the  eladdlng.  Soannlng  Sleetron  NIoroaoope  (SOI),  Tranaalsalon  Eleotron 
Hloroaeope  (TEH),  and  Scanning  Transnisslon  Eleotron  Nlerosoope  (STEM)  attached  with  Energy  Dispersive  X-ray 
(EOX)  analyxera  ware  eivldyed  Tor  nlorostruotural  evolution  studies  or  alloya  produced  during  the  laser  olad- 
dlng  process. 

The  nlcrostruoture  or  these  alloys  nalnly  consist  or  dendritic  cell  or  Y'  whloh  la  or  the  H|,A1  type 
with  about  It-IA  wt<  Mr  and  an  Interdendrltlc  euteotic  phase.  Alunlnun  liT  the  HUAI  was  round  to  be 
partially  replaces)  by  Or  and  HT.  Although  there  were  soae  subtle  dirraranees  In  the  Mil  spaaing,  coapos- 
Itlon  and  other  olnor  reaturea  between  the  sanples  depending  on  the  process  paranetera,  no  radical  dirrer- 
ences  were  observed.  Based  on  the  observations  aads,  the  possible  phase  transromatlon  seouenoe  or  this 
group  or  laser  clad  Hl-Al-Cr-HT  are  suggested  L>elou. 

Ll<|Uld(L)  ♦  TJ  ♦  L  «  TJ  ♦  E  r  YJ  ♦  (YJ  ♦  6j) 

where  r'  Is  priaary  Y'  phase  with  ordered  r.c.c..  structure  (Llj).  Y*  Is  euteotic  Y*  phase  with  ordered 
f.c.c.  Structure,  and  Is  the  other  euteotle  phase  with  heavily  faulted  f.o.e.  structure.  E  represents  the 
eutectic  phase, 

The  eutaetio  phase  la  a  atxture  of  two  phases,  one  Hr  rich  and  the  other  Hr  lean.  Oarx  field  nlcroscopy 
in  the  dendritic  lonea  reveals  ordered  doulns  and  the  norphology  of  the  doaalns  depends  on  the  process 
parsMters  used  during  laser  eladdlng.  Convergent  beau  electron  diffraction  and  x-ray  spectroscopy  have  been 
applied  to  oharacterixe  the  phases  foraed  during  the  cladding  process.  Initial  Dirferentlal  Thera.1l  Analysis 
(OTA)  work  Indicates  that  the  Y*  dissolution  teaperature  for  the  claddings  la  at  least  as  high  as  the  sub¬ 
strate  aaterlal  (Rene  BO)  If  not  higher. 

In  order  to  evaluate  the  oxidation  reaponsa  of  the  oladdings  with  respect  to  the  substrate  aaterlal, 
theraogravlaetrlo  analyats  (TOA)  use  carried  out  In  a  TOA  unit.  Single  cycle  oxidation  tests  or  eight  hours 
at  IBOVC  In  slow  riowlng  air  rcvoaiahat  the  oUddlngs  have  a  lower  weight  gain  rate  than  the  substrata  it¬ 
self.  Nlorochealstry  and  alorostructurc  of  the  oxidised  sanples  are  exaalnsd  using  SEM  attached  with  BOX  and 
Auger  Electron  Speotrosooplo  (AES)  techniques.  The  oxide  scale  In  this  syatea  Is  prlaarlly  AljO,  and  the  la- 
provensnt  In  the  oxidation  resistance  Is  belleved'to  be  at  least  partially  due  to  the  foraatlon  of  aechanical 
pegs  or  hafnla,  which  hold  the  alualna  on  to  the  substrate  and  prevant  oxide  spallation. 

Theoretical  aodeling  of  diffusion  was  also  carrlad  out  to  astlaate  the  extent  of  the  extended  solid 
solution  In  laser  cladding.  By  Incorporating  a  nonequlltbrlua  partition  ooefriolent  for  dilute  solution  the 
nodal  was  used  to  deternlne  nonequlllbrlun  phase  dlsgran  for  Hl-Hf  and  Hl-Al  systana.  The  theoretical  pre¬ 
diction  oonpares  well  with  experlnantsl  data. 


I.  IHTHOBgCTlOH 


Alloys  for  postings  for  gss  turbines  raquire  superior  neehsnlcsl  properties  and  oxldstlon  resistance  at 
slevatsd  tsnparaturcs  (1200*0  and  aggressive  envlronnants .  In  recent  years  attention  has  bean  foousaed  on 
dsvsloplng  aultsblc  high  tenperstwre  oxldstlon  resistant  protective  costings  for  niokal  or  cobalt  base  super- 
alloys  for  enhanced  service  lirctlns.  N-Cr-Al-RE  (H  •  Ml,  Os.  Fa  and  HE  ■  rare  earth)  systana  are  widely 
used  for  such  coatings.  These  coatings,  when  obtained  using  the  right  proportion  of  the  elsnants  tend  to 
fom  AljO,  rich  scales.  tlyOi  1*  the  coating  of  choice  because  of  Its  United  volablllty,  sluggish  growth 
kinatlos, 'relatively  inart  oalisvlor  and  also  becauae  oxygon  dirruslon  through  ths  oxida  scale  la  also  ex- 
trenaly  saall. 


I.ASER  SURFACE  TREATMENT  OF  A  XAZ  Ci  I  T  <niN)  T(X)I,  STEKI, 
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R.Vilar,  R.H. Miranda  and  A.S.Ol ivcira* 


Summary 

Kesulca  of  a  atrucCural  study  of  laser  surface  treated  samples  of  a 
martensitic  stainless  steel  containing  0,47ZC  and  12,BZCr  are  reported. 

Abstract 

Samples  of  a  martensitic  stainless  steel  containing  0,47ZC  and  12,8ZCr  in  the 
annealed  condition  were  treated  using  a  continuous  wave  CO^  laser  radiation. 

The  heat  treatment  was  conducted  both  with  and  without  surface  melting; 
besides,  the  power  density  and  the  interaction  times  were  varied. 

The  microstructure  of  the  laser  modified  layer  was  studied  by  optical  and 
scanning  electron  microscopy.  X-ray  diffraction,  as  well  as  by  hardness  tests. 

Surface  topography  was  characterized  by  scanning  electron  microscopy  Aod 
rugosity  measurements. 

The  melted  zone  presents  a  narrow  region  near  the  fusion  line  that  .seeiii  to 
have  solidified  with  a  plane  solidification  front  followed  by  a  cellulac'riendritic 
structure  in  the  center.  The  structure  is  martensitic  with  large  amounts  of 
retained  austenite.  Interdendritic  porosity  and  hot  cracks  were  observed.  The 
rugosity  of  the  surfaces  is  dependent  on  the  surface  finish  before  treating. 

Samples  treated  without  surface  melting  exhibit  large  amounts  of 
undissolved  carbides,  resulting  on  a  more  heterogeneous  structure. 


*  Deparcasiento  de  Engenharia  de  Materials 
Instituto  Superior  Tecnico 
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Shore  Abstract 


ALUHINIUH  REFLECTANCE  UNDER  EXCIHER  LASER  IRRADIATION 

by 

A.  Anedda,  A.  Mura,  P.  Raga  and  H.  Cappai 
Dlpart imanto  dl  Scianza  Pislcha  -  Univarsita'  -  Cagliari  -  ITALY 

The  raflactanoa  of  cold  rollad  Alluminium  during  axcimar  laser 
pulse  irradiation  eith  power  densities  in  the  range  3  HH/cn^ 

20  GH/cm^  has  bean  investigated)  plasma  formation  at  500  HH/cm* 
without  previous  melting  at  lower  power  is  observed- 
Previos  "laser  cleaning"  of  the  surface  lowers  malting  and  plasma 
threshold  to  the  pure  Alluminium  values- 
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PROGRESS  IN  LASER  CHEMICAL  VAPOUR  UEPUSIIION  OF  SILICON  THIN-FILMS 

Laser  chemical  vapour  deposition  (LCVD)  has  been  attracting  a  considerable 
amount  of  interest  to  deposit  silicon  films,  which  are  the  most  conmonly  used 
semiconductor  material  |ref.l|.LCVD  can  be  categorized  in  several  ways,  one  of 
which  is  according  to  whether  the  laser  energy  is  used  as  a  heat  or  a  photon 
source  to  the  reaction.  In  this  paper  we  will  discuss  the  progress  obtained 
from  3’  series  of  experiments  of  several  laser-based  methods.  Different  kinds  of 
lasers  have  been  used,  as  for  instance  the  CO2,  Nd:YAG,  Art  and  others,  either 
in  the  pulsed  or  CW  modes.  Depending  on  the  kinectis  processes  of  the  molecules 
used  to  deposit  silicon,  twin-beam,  perpendicular  beam  or  tangent  paralell  beam 
processing  can  be  employed  for  the  control  of  the  deposition  rate,  morphology 
and  adherency  of  the  films.  The  growth  mechanisms  of 'these  films  will  be 
discussed. 

Ref.  1  V.Baranauskas  et  al ,  Appl.  Phys.  Lett.  930  (1980). 
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lASCRS  •  Ttte  core  of  Um;  scleiitiflc-IndustrUI  Photonics'  revolution 


Albert  Einstein  In  1917  states  that  nature  Includes  an  unnoticed  phenomenon  '  the  stimulated  emission. 

Perception  of  the  scientific  and  technological  consequences  of  thW  discovery  become  definitively  evident 
In  1960  with  the  realltatlon  of  first  LASER  by  l.H.  Nalman. 

One  of  the  most  Important  technological  Inventions  of  the  century  Initiates  an  explosive  percolation, 
practically  In  every  field  of  science,  technology  and  biomedicine. 

The  Illuminating  power  density,  directivity,  coherence,  monochromaticity  and  polarization  of  LASER 
radiation  are  ingeniously  controlled  In  a  bro.id  variety  of  LASERS  to  the  achievement  of  striking  conquest  from 
a  multitude  of  |>erspertives: 

-  JiNie  is  measured  and  discretized  on  a  femtosecond  scale 

-  A  highly  colllaiated  beam  Is  retroreflected  from  the  moon  to  the  earth  measuring  the  travelled  distance 

with  a  precision  of  half  of  meter 

-  A  glassy  sphere  fluctuates  In  the  vacuum  supported  by  a  LASER  beam 

-  Deformation  and  vibration  of  surfaces  are  measured  with  precision  beyond  0,06  nm 

•  Focalized  LASER  beams  can  trigger  the  nuclear  fusion  mechanism 

*  HulUkllowatts  of  energy  power  can  be  concentrated  in  a  LASER  beam  of  diameter  smaller  than  a  finger 

LASER  applications  become  Intense,  extensive  and  sometimes  unique. 

Novel  teenniques  for  materials  processing  emerge.  The  telecommunications  and  data  links  progressively  are 
transfoioied  in  optical  cuoiwmlcalluns  with  potential  Ities  and  capacities  unimaginable  titty  years  ago. 
Holography  abounds  with  Hs  capabilities  in  metrology,  recording  and  Information  processing. 

The  applications  increase  In  diversity.  As  sampled  exai)q>1es:  precise  measurement  of  large  distances, 
alignment  of  gigantic  structures.  LASER  spectroscopy,  granulometry  and  LASER  anemometry,  etc,  etc. 

A  new  era  In  science  and  technology  rapidly  grows  under  the  broad  name  of  PHOTONICS. 

The  Introduction  of  video-disk.  LASER  surgery,  LASER  printers,  etc.  In  the  consuser  market  makes  the 
people  feel  at  large.  In  Che  quotidian  effects  of  the  photonics  revolution. 

Ihe  technological  Impulse  will  be  felt  aM  across  the  economical  network  and  piDfesslonal  tissue. 

LASER  engineering  will  come  as  an  autonomous  field  with  expected  unprecedent  Increasing  Impact  In 
Industry  where  more  and  more  practical  and  cost  effective  applications  are  being  established,  materializing 
already  a  big  LASER  market.  Worldwide  sales  of  contierclal  LASERS  reached  S570  millions  in  1987  (l)w1th  claimed 
annual  growth  rates  reported  around  201  for  the  last  few  years.  Continually  improvement  of  LASER  system 
characteristics.  In  particular,  coupled  to  ci^uters  and  Industrial  robots,  combined  with  an  anticipated 
Increase  of  economical  performances  on  the  LASER  uses  and  their  Inherent  ability  to  find  new  niches  is 
expected  to  bring  soon  an  even  more  worldwide  spreading  of  LASERS  applications. 

Sopfiistlcatlon  and  flexibility  achieved  In  LASER  metrology,  sensing  and  control  techniques  by 
incorpuraling  novel  methods  of  autoaiatlon  and  Image  processing  with  recourse  to  computers  has  stimulated  a 
broad  range  of  applications  both  In  Industry,  science  and  biomedicine. 

The  LASER  appears  also  as  a  unique  Industrial  energy  source.  The  optical  power  produced  from  modern  LASER 
equipment  1$  In  the  range  of  100  -  10.000  W.  A  form  of  power  that  Is  absolutely  chemical  clean,  easily  shaped 
and  controllable  both  In  Intensity  and  dli'ectlon.  No  magnetic  field  effects  or  hot  jets  are  associated. 

The  LASER  is  thus  an  Ideal  partner  for  a  robot  or  an  automatic  process  due  to  this  great  flexItUlty  (2). 

Industry  has  been  quick  to  appreciate  this  new  tool.  There  has  been  a  vigorous  growth  of  new  industrial 
processes  based  on  LASERS,  and  this  is  particularly  so  In  material  processing  (cutting,  drilling,  welding, 
surface  treatment,  bending  both  In  theory  and  practice). 

Ihe  European  Cumwunity  also  responded  timely  to  the  necessity  to  keep  Europe  In  the  forefront  of  this 

fnHUtlves  such  .s  <n  BRITE  ,1x1  EUROLRSER.  The  Conference  LASER 
JECmOIOGIES  (n  »^SIR»  supported  by  the  EEC  -  OC  «III.  Dlrector.te-Senerel  tor  TelocoMunlcettons, 
Infu.wtlOT  '""0**^1'®"  '""fee  the  SPRlRf  proortiM  Is  yet  p,rt  of  such  ,n  underst.ndln,. 

LhstK  lEcmotWIES  In  INDUSTRY  conference  Mas  Indeed  planned  to  be  an  Interdisciplinary  foriae  for 
^esentatlon  ®t  the  current  uses  of  lASCRS  Mishfully  reflected  on  the  proceedings  Intended  to  provide  the 
potential  user  with  a  coherent  view  of  update  developaents,  ffnancial  Involveeent  as  envisaged  benefits. 

Recognlrnd  world  eaperls  presented  euthorltetlve  surveys  and  speclallted  contributions  dealing  with 
lecluiiguos,  prohlews.  product:,  and  (.o,.,,i,iIilli;i  In  the  broad  areas  of  LASER  expanding  applications. 

4W  "and  a  *"  ‘S*  ''•Ued  the  nuiAer  of  participants  envolved  to 

illa“«c;??ts  su^j?7irhr*u?hur!  -re  published  fro.  ca«ra-ready 

IhanklS'aKS^cUoXdSeS."'  ®®"t'<'«r*'>'e  efforts  ty  authors  for  which  they  are  cordially 
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such  a  cdDtIvatInq  friendly  atnosphere.  .  ^  a,,  .u- 

The  Editors’  and  Oroanizers  while  atleapting  to  bring  the  Bost  relevant  laalerial  presented  to  the 

atlentioii  and  use  of  others  interested  in  the  field  of  LASER  APPLICATIONS  in  IHOOSTRT  ^re  driven  by  the 

irresistible  Impetus  of  stimulating  the  potentially  so  many  yet  hidden  Archimedes  that  will  shout  foreseeable 

“turefa"  for  the  newcoming  lASER  applications. 
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NAll  «  Atelier  Laser  -  uiie  reussUe  — - 

G.  Mathfew.  ARES,  Beauchamp,  France 


16N00-16N30 


LASER  TECHNOLOGIES  IN  INDUSTRY 
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SESSION  2A  -  FurCNer  Laser  Applications 
Chalniien:  H.  Calvo.  Univ.  Compultense*  Fac.  Ctenclas  Ffslcas»  Spain 
P.  Persephonis,  Univ.  Patras.  Greece 
J.H.  Zavada.  USAROSG.  London.  U.K. 

HAlZ  -  Laser  Interferometer  for  Optical  Testing  using  Non-Hnear  Optical  Effect* 
C.P.  Grover.  National  Research  Council.  Canada 


SESSION  16  *  Holographic  Interferometry 
Chdiniien:  A.  Reis.  Univ.  of  Coimbra.  Portugal 
C.  ShaLher.  6HCL,  VitdSnagar,  India 
C.P.  Gruver.  National  Research  Council.  Canada 


-  Iheratal  Rectifying  Walls* - - - - - - - - - - - - - . 9HT0-1OHOO 

A.  Reis,  Univ.  Cuiiiibra.  Portugal 

-  An  LAperiHiental  Analysis  of  Natural  Convection  in  a  One  Sided  Heated  Vertical  Channel 

with  Holographic  Interferotaetry . . . . . .  lOHJO-JlHOO 

l.Y.  Uralcan.  0.  f.  Genccli.  fac.  of  Nech.  £«g.,  Istanbul  Tech.  Univ.,  Turkey 

-  Hoiugiaphic  Evaluation  of  Stiffener  Cunt iyuralion  in  Water  Boxes  of  an  Industrial 

Heat  Exchanger . - . . * .  UltOO-llHiO 

C.  Shaklier,  A.U.  Baune  and  G.  Venkata  Rao.  BHF.I .  Vikasnagar,  India 

•  UigtLdI  Phase  Stepping  Speckle  liilei  terumetry  . - .  UHJO‘12HOO 

A.A.M.  Haas  and  H.A.  Vroumaii.  Technological  University  Delf,  The  Netherlands 

■  iomographic  Representation  of  leniperature  Profiles  in  a  Convective  Heat  flow  by 

High  Resolution  Holographic  Interferometry - - - -  — -  UH3U-HH00 

0.  Vukicevic,  Inst.  Physics  Unir.  Zagreb 

J.  Woisetschtager.  H.  Philipp.  T.  Neger,  H.  Jager.  Tech.  Univ.  Graz 

A  New  FulNField  Phase  Shift  Method  for  Holographic  Interferograro .  l4HOO-l4HiO 

Y.Y.  Hung.  X.  Zhang.  F.S.  Chau  and  J.T.  Ke.  Oakland  Univ.,  USA 


SESSION  ZB  -  Holography  In  Oynamical  Phenomena  &  ESPl 
Chah'inen;  P.  Smigielsky.  IS! ,  Saint-Louis,  France 

0.  Ldkberg,  Technical  Univ.  of  Trondheim.  Norway 


-  fkilogratnetric  Uynawte  fechniques* - 

P.  Smfgielsky,  ISL,  Saint-Louis.  France 


H8la  -  Industrial  Applications  of  £5FJ*  . . . . - . . 

0.  Ldkberg,  Technical  Univ.  of  Trondheim.  Norway 

Htlii  -  Some  New  ledmigues  with  Digital  Speckle  Pattern  Interferometry  (DSP . 

R.S.  Sirohi,  A.R.  Ganesan.  M.P.  koChiyal.  Indian  Inst.  Tech.,  India 

HBIP  -  In-Situ  Investigations  of  Uefoiwations  of  Natural  Stones  by  Electronic  Speckle 

Pattern  Interferometry  (ESP!)  . . . . . — _ _ _ 

G.  Gulker.  R.  Hinsch,  C.  Hulschcr,  A.  Kramer  and  H.  Neunaber 
Uiiiverslly  of  Oldenburg,  FRG 


SLSSIQN  1C  -  Optical  Sensors 
C  lirwan:  G.C,  Righini,  IROC.  Firenze.  Italy 
B.  Culshaw.  Univ.  Strathclyde,  U.K. 

Optical  Sensors  -  Slate-uf-the-Art  and  Perspectives* 
H.C.  Righini. IROE.  Flrcn/e.  Italy  and  A,  Naumaan.  USA 
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-  Ldier  and  Opiic^l  fiber  Sensors:  an  overview* - - 

H.  Brenci,  G.  Confurtl 

-  fiber  Optic  Sensors  -  Practice  and  Possibilities 
U.  Cuishaw,  Univ.  Strathclyde.  U.K. 

-  Wide-ranye  Pressure  Sensors  Based  on  Incoherent  Diffraction  Moir4  Effect 
J.  Ebbeni  and  H.  Sandrowic2,  Univ.  libre  Bruxelles,  Belgium 


1UH30- 1 lUUO 

111100- 1  iH30 
nH30-ieHoo 


SESSION  2C  ■■  laser  Icchnologies  for  Characteriiation  of  Particle  Matter  in  Industry 
Chairmen:  B.  Scarlett,  Delft  Univ.  of  Technology,  The  Netherlands 
H.  Rebula,  University  of  Coixibra,  Portugal 
M.  Grata  Rasteiro.  University  of  Col/nbra.  Portugal 

-  Laser  for  Particle  Size  Heasurewenl  llaidware  and  Soltware* - - - -  *  " 

11.  Scarlett.  Del  It  Univ.  of  Technology.  The  Netherlands 

-  MuasuieiiienC  ol  the  Velocity  and  Si/e  Distributiun  ut  Droplets  and  of  their 

Slat  1st ical  Correlat ion  - - - - - - — 

II.  Burnage,  Univ.  fouls  Pasteur,  Strasbourg.  Prance 

-  A  Phase*Uuppier  InstruHtent  coi  Uplical  Particle  Sizing 
H.  Safffltan.  Dantec  Elektronik.  Denmark 

•  Particle  Size  and  Velocity  Hcasorenicnt  ol  How  of  Opaque  or  Non-transparent  Spherical 
Particles  by  laser-Doppler  Anemoniolry:  Pioblcms  of  Practical  Application 
h.  Bauckhage.  U.  filtschlng,  J.  Ueuermann,  G.  Schulte 
University  of  Broii>eu,  FKG 

-  Studies  of  Hoccolatlon/Dcfloccolatiwn  ul  Kaolin  Suspensions  using  LOS  - - 

M.  Rcbola.  G.  Hasteiro.  F.  Pita.  Univ.  Coimbra.  Portugal 


13H3O-14HJ0 

14H3U-1SNOO 

lblf30-lblKX) 

IbltOO-lbHiU 

16H30-1/U0U 


SESSION  lU  -  Appllcatfons  Co  Kobotics  and  Automation 
Chalnnan:  W.M.  Steen.  Mi?ch.  Eng.  Dept.,  The  University,  Liverpool,  U.K. 
M.  Perez-  Anwr,  LIS.  University  of  Santiago,  Vigo,  Spain 


-  Some  Viewpoints  on  Laser  Autmwlion  and  Processing  Quality  Control*  .  10H3U-JIH30 

W.M.  Steen.  1.1  i,  Mecb.  Eng.  Dept..  The  UniversUy,  Liverpool,  U.K. 

-  Nubot  Guided  Laser  for  Ihroe-DiNtensional  Laser  Processing  U1I3O-12II0O 

K.O.  Schi'aft,  G.  Harduck  and  M.  Konig.  IPA.  Stuttgart.  FRG 


SESSION  20  -  Laser  Cutting 

Chairmen;  F.  Olsen,  Technical  Univ.  of  Denmark,  Denmark 
M.R.  Teixeira,  LNETl,  Lisboa,  Portugal 
U.  Appel t.  EFACEC,  Portugal 

-  laser  Cutting*  - . - .  UH30-MH00 

F.  Olsen,  lechnica)  Univ.  of  Denmark.  Denmark 

-  Thermal  Model Isalion  of  Laser  Cutting  Process - - - .  MH00-14II30 

S.F.  Yuan,  H.  Querry  and  C.  Bedrln,  Lab  d'Etudes  Proc  Fab,  France 

-  Heat  Conduction  and  Mass  Transfer  in  laser  Cutting  . . .  14H30-1SHOO 

D.  Schuocker,  Technische  Unfv.  Wien.  Austria 


Milo  -  Ihe  Application  of  C02  LASER  to  Precise  Cutting  in  dapan 
M.  Kanaoka,  Mitsubishi  Electronic  Co,  Nagoya,  Japan 


15HOO-i6HiO 
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-  POSTER  SESSION  ( 17ltOO<19HOO) 

*  Constructions  of  Holographic  Mirrors  in  Oichroinated  Gelatin 
A. A.  Andrade  and  J.H.  ftebordflo.  I-NETI,  Lisboa,  Portugal 

-  Determination  uf  Pressure  Changes  ii;  Fluids  by  means  of  Gas  Bubbles 
M.-St.  Buchkreincr  and  C.G.  Stojanoff,  ftWTH  Aachen,  FRG 

-  Laser  Speckle  Siie  and  TeHi)»oral  Transfer  Function  in  Human  Vision 

il.  Pei^2-Cjipine11  and  V.  CHment.  Far.  Fisica,  Oniv.  Valencia.  Spain 

-  Nun  Coiilact  Measuring  Machine 

F.U.  Carvalho,  P.  Sebastilu  and  B.  Nenriques.  LNETl.  Lisboa,  Portugal 

-  Autoiibitic  Hadiine  for  Spin  leslinq 

r.U.  Carvalho,  F.C.  Rodrigues,  C.P.  Pais,  LNLIl,  Lisboa,  Portugal 
and  K.  Prina,  INOEP.  Lisboa,  Portugal 

*-  liigii  Precision  MeabUieoient  L(|uipiAenl 

r.[>.  Carvalho,  J.M.  Rebord&o.  f.C.  Rodrigues.  LNETl,  Lisboa,  Portugal 
and  J.  Oacta,  PRECIOPTIC,  Matusinhos.  Portugal 

-  ( dSCM'  Scannor  ror  AutuiiiaCfc  Storage 

F.U.  Carvalho,  B.A.  Correfa,  J.H.  Rebordio 
and  F.C.  Rodrigues,  LNETl,  Lisboa,  Portugal 


-  file  Application  uf  Laser  Beamb  to  Absolute  Photodetector  Calibration 

A.  Corr6ns.  J.  Campos.  A.  Pons  and  P.  Corredera  Inst,  de  Optica  “Oaza  Je  Valdes",  Madrid,  Spain 

-  A  Laser  Rangefinder  for  Hot  Surface  Profiling  Measurements 
K.  Maatta.  J.  Kostamovaarj,  University  of  Oulu,  Finland 

R.  Kyllyla.  Technical  Research  Centre  of  Finland 

•  Uplical  Processing  of  Military  Urgets 
F.  Dubois,  U.L.O.,  Belgium 

I.  Lacroix  and  E.  Schweicher,  ERFI,  Brussels,  Belgium 
~  Piojection  Fringes  Htcroscupe 

J. C.A,  Fernandes,  0.0.0.  Soares,  fac.  Ciencias  Oniv.  Porto,  Portugal 

-  Coiistruv^o  de  um  Analisador  de  Partlculas 

C.A.  Coutu.  M.J.C.  Romero,  Univ.  Hinho,  Portugal 
•J.A.  Fernandes,  Fac.  Ciencias  (fniv.  Porto,  Portugal 

'  Fast  Holographic  Camera  for  Industrial  and  Scientific  Applications 
M.  Oeleplerre,  MICRAUOEL,  France 

-  Spatially  Resolved  Presentation  of  Convective  Heat  Transport  by 
Multidirectional  Holographic  Interferometry 

U.  Vukicevic,  Inst.  Physics  Univ.  Zagreb 

J,  Nolsetschlager,  H.  Philipp,  T.  Neger,  H.  Jager,  Tech.  Univ.  Graz 

'  Laser  Excited  Vapor  Phase  Synthesis  of  Submicron  Powders 
from  Ifafogenated  Silanes 

R.A.  Bauer,  P.J.  van  den  Put,  B.  Scarlett  and  J.  Schoonman 
Univ.  of  Technulogy,  OeHl.  The  Netherlands 

'  Laser  Surface  Ireatmenl  uf  a  X4Z  Ctl3  (Din)  Toll  Steel 
R.  Vllar,  R.M.  Miranda  and  A.S.  Oliveira,  I5T,  Lisboa,  Portugal 

'  laser  Welding  of  AlSI  301  Stainless  Steel  Ihin  Sheet 
R.  Vflar  and  Rusa  M.  Miranda.  1ST,  llsboa.  Portugal 
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ruesoAY  ;tn  June  luas 

Ptefiary  Session 

Chdiruicn:  U.U.U.  Soates.  Ub  fisica.  Fac.  Cieiicias,  Uiifv.  Porto.  Portugal 

F.M.V.P.  Morals,  Centro  de  FJsita,  Fac  Ciencias.  Uiiiv  Porto,  Portugal 

IA1,2P  -  Overview  of  Optical  Methods  in  Metrology*  - - -  8H30-9H30 

■I.  Ebhenl.  Univ.  Itbre  Bruxelles,  Belgiuui 


SESSION  2A  -  Further  Laser  Applications  (Cont.) 

Mi  •  Modern  Optical  Coating  lechiiologies  fur  Low  Loss  Dielectric  Films 
11. K.  Pulker,  Balters  AG,  Liechtenstein 

lAb  -  Open  field  Phase  Heasurewint  leleiueter  for  Orbital  Nendez-vous - 

N.  Faup,  CNES,  Toulouse,  France 
F.  Hullein,  SERCEI .  Carquefou,  France 

M/  -  Design  of  Hesfel  Optical  Awipl.fier  . . . . . 

M.N.  Ai-menise,  A.  G,  Perri,  Dept.  Eleltrotecnia  ed  Elettronica.  Italy 

lAh  -  Coupling  itfUiienty  in  a  Kulucmipicr'Oplical  Fiber  System  -  - - - - 

H.l.  Calvo  and  L.  de  Pedraza,  Univ.  C<Hnpultense,  Spain 

IA'»  -  l*jn*Hea«i  I'lutcssing  MullUayei  Im  btruclmes - - — - - 

J.N.  2dvada,  USAKtiSG.  London,  U.K. 

R.U.  Wilson,  Hughes  Res.  lab.,  Malibu,  USA 
and  J.  Ctuikis.  Nat.  Bureau  of  Standards,  MSA 


lAlU  •  Feedback  Induced  Non-nionotunic  Behavior  of  the  Differential  Quantum  Efficiency  with 


the  Current,  in  InGaAsP  Injection  lasers  - - -  —  - - - - -  ibHiO^IbliOO 

G.  Chiaretti,  G.  Sarchi,  Keverdlto,  lALILL  $11,  Hllano,  Italy 
F.  Drivio.  H.  Hilani,  Dipt,  di  Fisica  dclIMiniv.,  Milano,  Italy 

TAIl  -  Calculation  of  the  Amblpolar  Diffusion  Coefficient  through  Lasing  Action  in  Gases  - -  16M00-16H3U 

P.  Persephonis,  R.  Giannetas  and  R.  Rigopoulos,  Univ.  Patras,  Greece 

IA12  -  Off-axis  Elliptical  Zone  Plate  for  Nunsyitfnetric  Fourier  Transforming  --------------------  16H30-17H0U 

S.  Bari  and  C.  Gofnez-ftelno,  Univ,  Santiago  de  Compostela,  Spain 


SESSION  26  -  Holography  in  Oynamfcal  Phenomena  &  ESPl(Cont.) 


lUJ  -  Application  of  Holography  and  ESPI  lechniques  to  Earthquake  Prediction  - 9FfiD-I0H00 

S.  lakemotu.  DPRI,  Kyoto  University,  Japan 

T.  Isubof,  fac.  of  Science.  Kyoto  Sangyo  Univ.,  Japan 

IB4  -  Interferometric  Studies  of  Very  Hot  iHijects  by  Use  of  IV-Holography  (ESPI)  -  10H30-tlH0U 

J.T.  Halno  SlNTtf.  Trondheim,  ftoivay 

IBS  -  Measuring  Rotating  Component  In-Plane  Strain  Using  Conventional  Pulsed 

ESPI  and  Optical  Fibers . . . . . . — .  UH0O-11H30 

R.W. f.  Preater,  The  City  University,  London.  U.K. 

IB6  -  three  Uiircnslonal  Vibration  Analysis  Using  Electronic  Speckle  Pattern  Interferometry - 1IH30-12H00 

M.  C.  ShollaOear  and  J,  lyrer,  Loughborough  University  of  Technology,  U.K. 

IB/  -  Developments  in  ESPI  for  Automotive  Vibration  Analysis  — - - - - - ]JH30-J4H(XI 

J.C.  Davies  and  C.H.  Buckberry,  Austin  Rover,  U.K. 


9H30-10H0U 

11H30-12H00 

iJHJD'MHOO 

14HOO'i4MiO 

14Hj0-lbMD0 
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SLSSION  i8  '  Computer  Aidded  ikil09rdph/ 

Chainien:  J.  Ebbeni,  Univ.  Libre  Bruxelles*  Belgium 

P.  Pryputrtiewicz,  Worcester  Polytechnic  /nstitut,  USA 

<  Computerized  Holographic  Techniques  for  Quantitative  Evaluation*  • 
C.  Liegeois,  X'lAL.  Strasbourg,  France 

-  Un-lloe  Fringe  Analysis  by  Keal-tiwe  Phase-shi ft-processing  . . 

B.  Breuckmann.  Optolech,  FRG 

-  Autoioatic  Fringe  Aiidlysis - 

Kottenkulber.  Rottenkolber  Holo-System  Gh**!,  FRC 


14H00-14H30 

14H3O-1SHO0 

1SK30'16HU0 


-  Numerical  Processing  of  Holographic  Uata  - 

II.  Steinbichler,  labor  OR  Steiiibifhler.  Bavaria,  R.F.G. 


16H00>16H30 


-  Software  lechnigues  for  the  Analysis  of  Contour  Haps  of  Manufacturing  Components 
O.R.  Burton  and  H.J.  Lalor  Liverpool  Polytechnic,  U.K. 


ICi 


IC4 


fCt> 


SLbStON  ZC  -  Laser  lech,  for  Charact.  of  Particles  Natter  in  Industry  (Cont.) 

-  tlfecl  of  Shape.  Structure  S  lexlure  on  the  Accuracy  of  Size  Chai acterization 

ot  Fineparticles  by  Light  scattering  — - - - — 

B.H.  Kayo  and  R.  Trottier,  Laiirentian  Univ.,  Ontario 

-  Using  fast-Fourier-lransfonu  (FFI)  lor  the  Phase-Ooppler-difference  analysis 

of  Powder  Hetal  Sprays . . . . . 

K.  Uauckhage,  A.  $«.hone,  fh.  Urlcdt,  Univ.  Bremen,  FRG 

•  Uii'line  Measurement  of  Crystal  Size  and  Shape  Using  Combined  Optical  Techniques 
A.  fioxman  and  B.  Scarlett,  Oelft,  Univ.  Technology,  The  Netherlands 


9H30'  lOliOO 


10H30-UM00 

^H30>1^HOU 


StSSiOff  JC  •  User-Uuppler  Velocimetry  (LOV) 

Chainiwn:  M.  Malafaya-Baptista.  Fac.  Eng.,  Univ.  Porto,  Portugal 

ICf  -  Laser  Doppler  Anemumetry  in  Hydraulic  Research 

A, A.  Rlbeiro,  H.F.  Proenca,  fac.  Eng.,  Oniv.  Porto,  Portugal 


ICH  -  laser-Ooppler  Measurements  of  Impinging  Jets - ]4HCi0*14H30 

J.H.M.  Earata.  D.F.G.  OurSo  and  M.V.  Heitor 
ISI,  Lisboa,  Portugal 

icy  •  A  Cost-Effective  LUV  System . . .  14H30-1&H00 

C. A.  Hobson  and  N.J.  Lalor.  Liverpool  Polytechnic.  U.K. 

1CI0  -  Laser  Diagnostics  ot  the  Flow  in  Inuastrial  Burners - - - - - IbH30-J6M00 

D. F.G.  OurSo  and  H.V.  Heitor  and  A.L.N.  Noreira 
1ST,  Lisboa,  Portugal 

ICIl  -  Laser  Doppler  Measurement  of  Fan-belt  Slippage . . . . - .  16H00-16H30 

Finn  Mengel,  OANTEC  Eiectronik,  Denmark 


ICi;^  -  Strengths  and  Limitations  of  the  Phase  Doppler  Technique  for  Simultaneous 

Measurements  of  Particle  Velocity  and  Size - - - 

D.H.  Livesley,  UKAEA  Harwell  Lab.,  U.K. 


)6H30-)7H00 
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SeSSiQN  2D  -  Laser  Cutting  (ContJ 


-  C02  Laser  Cutting  of  Titanluoi  Alloys - - - - - 9H30-10H00 

J.  PoMoU.  Laser  expertise  lda»  Hottlngham*  U.K. 

H.  Jezloro.  I. A.  Henzies,  Loughborotigh  UnW.  of  Tech.,  U.K. 

P.f.  Scheyvearts,  Coherent  Beneral  Hunich,  FRG 

-  Recorte  e  Gravacio  de  Hateriais  coot  Laser  de  C02 - -  10M30-UH00 

0.  Appelt  and  A.  Cunha.  EFACEC.  Portugal 

-  Haible  Cutting  tiy  Laser - - - - — -  —  * - -  —  - -  nHO0-HH3O 

H.  Pires,  A.  Ferreira,  H.  RIbeiro,  M.  leixeira,  LNETI,  Portugal 

-  ireiids  in  Jlcavy  bectlon  Laser  Cutting - - - - - - - - -  li1U0-14ti00 

li.  Sepold,  DiAS,  Hreuien,  FRG 


-  Cutting  with  Ng^Yag  Laser - - - - - - — - - - - - - 14H00-MN30 

P.K.  AffoUer,  Lasag,  Switzerland 

-  Photol itugrphic  HasLs  fur  Integrated  lilies  Circuits  Fabricated  with  an 

Ar»  Laser  System  — - - - — - - - — — - ISifiO-lbiiOO 


P.  doffi,  0.  de  Pascale.  C.  Lspusitu.  M.  Caudio,  A.H.  Losacco.  H.  Vllnio 
Centro  (aser,  Bari.  Italy 


Laser  Oirecl-Wrillng  of  Gratings  for  Integrated  Optics  - - - - - - -  l6HOO-lbH3U 

G.  Assanto,  CRES.  Flunrcalc,  Italy 

C.  Cali  and  S.  Riva-Sanseverlno,  UlL,  Univ.  Paleniio,  Italy 


-  POSTER  SESSION  (l/(iUO-i9fAiO| 


•  SliPUl  -  A  SiMHilating  System  for  Firing  Instruction  Using  Laser. 

J.C.  Freitas,  F.C,  Rodrigues,  INETI,  Portugal 

V.ft.  Silvestre.  EiU,  Purtugal;  R.  0.  Prlna,  INDEP,  Portugal 
and  Nateus  Ja  Silva,  LML,  Portugal 

•  Irends  in  Hoii6  Holography 

A.V.S.  Lage  and  U.D.D.  Soares.  Univ.  Porto,  Portugal 

-  Oil  the  Use  of  an  Optomechanical  Sensing  Head  in  Tiuie-of-F) Ighl  Laser  Rangefinding 
M.  KosElnen,  K.  Ahola,  d.  Kostamovaara  and  R.  Myllyla,  Finland 

-  Nbl  (folographlc  Testing  of  Tubes  and  doints 

F.M.V.  Pfres  de  Norais,  O.D.O.  Soares.  Centro  Fislca,  Univ.  Porto.  Portugal 

’  Laser  Scanning  in  Surface 

A.O.S.  Gomes,  0.0.0.  Soares.  Centro  Ffsica,  Univ,  Porto,  Portugal 

'  Sistena  de  Encaminhamento  de  Feixe  para  Laser  de  CQ2 
D.  Appelt  and  A.  Cunha.  EFACEC,  Portugal 

-  Energy  Olstrfbutfon  Analysis  ol  High  Power  Laser  Beam  From  Spots  on  Paper 
.1.  Herlfn.  C.  Oliveira,  J.  Dietz,  TMSA  Tyon.  GEMPPH-CAIFET«T.  France 


-  Cliaracterizallun  of  Real  Laser  Beam  Profiles  with  Few  Parameters  for  TtetaMurgtcal  Applications 
J.  Herlin.  J.  Dietz.  C.  Oliveira,  INSA  lyon.  CtMPPH-CALFETmT.  France 


-  Laser  Beam  Siiaping  by  Computer  Hade  Holograms 

5.  Sahnoune.  M,  TorzynsLi  and  P.  Heyrueis,  lab.  Syst.  Plwtonigues.  France 

-  Development  of  Stabilized  Ca2  Lasers 

ti.  STTvesCrc,  J.  leans  and  H.  Ribau  Teixeira.  INETi/OCE.  Lisboa.  Portugal 


(PU  -  Un  tne  Influence  of  da  Flow  In  Flectrical  Excited  C02  La&ers 

N.  SiTvestre  and  H.  Albau  Teixeira,  LNETl/OEE.  Lisboa,  Portugal 

IPl^  '  Appiicatiun  uf  Holographic  Inlerferometry  to  a  Fracture  Mechanics  Problem 

H. A.P.  Vaz.  A.L.V.S.  lage.  J.F.  S.  Gottics,  Fac.  Eng.  Univ.  Porto,  Portugal 

IPIJ  -  Use  of  TALfiOI  inlerferoneCry  to  Measure  the  Focal  Length  of  Refractive/Reflective  Imaging  Systems 

I. H.  Bernardo  and  O.D.O.  Soares,  Centi*o  de  Fisfca  Univ.  Porto,  Portugal 

IP14  -  Uptical  Inplementat Ion  of  a  Neural  Network  Using  Spatial  Light  Modulator: 

Uiscusslon  of  Properties  and  Performance 

H.  Torzynski.  Ecole  Natlonate  Superieur  de  Physique.  France 

IPlb  -  InlerlerouHiti'ic  Aligiuuent  by  Circular  lone  Plate 
V.  Moreno,  M.V.  Perez,  S.  Bara  .tnd  C.  nuiiioz-Rninu 
tab.  Optica.  Fac.  Fisica,  Univ.  Santiago,  Spain 

IPlb  -  Behavior  o1  Austeatpered  Ductile  Irons  (AOl)  Subjected  to  laser  Surface  Melting 

O. L.  Jones,  I.  Fagoaga.  J.F.  tkeaga.  INASHET,  Non>Metall1c  Mat.  Group,  Spain 

P.  Sanz.  K.  Jasnowski,  Centro  Laser  de  Navarra,  Spain 

ii'l/  *  i  ilier  Uplic  lnLerfer<JHteii  ic  Sensor:  Siimiitaneous  Measurement  of  Temperature  and  Pressure 
II.  bellil,  p.  Meyrculs.  ISP  ENSPS  and  A.  Chakari,  Societe  Filergie,  France 

fPib  -  Iliree'Dinienslonal  bisplacoiiteiits  by  Sandwich  Holographic  Interferotitelry 

I.  Hang,  J.  ke 

Holographic  lab.*  Zhengzhou  Institute  oi  lechfN^logy,  Zhengzhou,  People’s  Republic  uf  China 
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Plenary  Session 

Chairmen;  0.0.0.  Soares,  lab  Fisica,  Fac.  Cieiidas,  Univ.  Porto,  Portugal 
l.H.  Bernardo,  Lab  Fisica,  Fac.  Ciencias.  Univ.  Porto,  Portugal 
F.H.V.P,  Murals,  Centro  de  Fisica,  Fac  Ciencias.  Univ  Porto,  Portugal 

UAl.ifP  -  Lasers  for  Industrial  Material  Processing  * - BH30-9II30 

A.  Sona,  CISE,  Milano,  Italy 

SESSION  2A  -  Further  Laser  Applications  (Cont.) 

HAJ  -  Spinodal  Oetemination  in  Polymer  Oligomer  Mixture  in  Solution  by  Laser 

Light  Scattering - - - - - - - - - -  9Hj0'l0l|00 

C.C.  Cesteros,  Univ.  Pals  Vasco.  Bilbao,  Spain 

WA4  >  Rapid  Ueterminatlon  of  the  Wobbe*lndex  of  Natural  Gas  - - -  I0H30‘I1H00 

0.  Florisson,  N.V.  Nederlandse  Gasunie,  The  Netherlands 

MAS  -  Interaction  Paraaeters  of  Polymer'-Polymer  Systems  by  laser  tight  Scattering  - UH00*UH30 

I.  Katiae,  N.  Gonzalez,  M.  Rodrigues  and  J.R.  Quintana 
Fac.  Ciencias,  Univ.  del  Pais  fiasco,  Bilbao,  Spain 

UA6  -  All-Optical  Hide-Area  Remute  Sensing  of  Dispersal  of  Unsafety  Gases  by  Near-Infrared 

Absorption  Based  on  Low-Loss  Optical  Fiber  Network*  — - — _ _ llH30-12ia)0 

Humio  Inaba.  TobOku  Univ.,  Sendai,  Japan 

MA/  -  <"*2*^1*  of  Amoiifa  with  l3Co2  Waveguide  Laser  System .  J3H30-i4HO0 

M.  Neckel  and  J,  Holfrum.  Ruprecht-Karls-Univ. «  Heidelberg,  FRG 
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SESSION  U  -  Las«rs  In  Hedlclne 
Chairmen;  V.  Russo  (Univ.  Salerno  -  Salermo  •  Italy) 

0.  von  Bally  (Munster  Univ.  -  Munster  -  FRB) 

H.  Podblelska  (Tech.  Untv.  UrucloM  *  Hroclaw  >  Poland) 

Optical  Detection  uf  Bacteria  using  a  Fluorescent  Innunoassay  — 
R,M.  Uygant.  S.P.  Almeida.  H.O.  Pierson.  J.C.  Medrich 
Virginia  Polytechnic  Inst.*  Dept.  Physics.  USA 

G.B.  Churchill  and  H.P.  Groger.  SPA  international  Incorporated.  USA 

Laser  Systems  for  Bio-nedical  Applications* - 

V.  Russo.  Univ.  Salermo.  64100  Salerno.  ITALY 


UAIO  -  Urihopaedic  Devices  Examined  By  ikrlographlc  Interferometry  - 

Halina  Podbielska  and  H.  Xaspr^ak.  Tech.  Univ.  Wroclaw.  Poland 
G.  yun  Bally.  Munster  Univ..  Munster .  FRG 


WAll  -  Holographic  Endoscopy*  - - 

G.  von  Bally,  Munster  Univ.,  Munster.  FRO 


SESSION  3B  *•  Computer  Aided  Holography  (Coni.) 

Interferometric  Techniques.  Data  Ex'  rction  and  0>^dnt1tat1ve  Analysis* 
H.  Pryputniewfci*  Worcester  Polytechnic  (nstitul.  USA 

NUT  ot  Composite  Materials.  State-oi-the-Art*  . . . 

J.  Ebbeni,  Univ.  Libre  Bruxelles,  Belgium 


SESSJUN  4B  ''  laser  Surface  Inspection 
Chainuen;  S.P.  Almeida,  Virginia  Polytechnic  Inst.,  Dept.  Physics,  USA 
0.0.0.  Soares,  Centi'o  de  fisica,  Univ.  Porto,  Portugal 


-  Surface  Quality  Assessment  by  Laser  fechniqoe . . .  11HO0-J1H30 

M.  Bertolotti,  L.  Fabbri  and  C.  SibiUa,  Univ.  Roma,  Italy 

-  Laser  Scanning  Microscope .  UU30-12HO0 

T.  Wilson,  Dept.  Eng.  Science.  Univ.  Oxford.  U.K. 

-  Automatic  Surface  Analysts  with  Fringe  Projection*  — — .  13H30-14JI00 

S.P.  Almeida.  R.U.Wygant.  Virginia  Polytechnic  Institute,  USA 

and  0.0.0.  Soares.  Lab.  Ffsica.  Fac.  Ciencias.  Univ.  Porto.  Portugal 

>  Surface  Inspection  of  Laser  Burnt  Alloy  Via  Three  Oimensfonal  Coeyiuter 

Color  Contouring - - - - - - - . - .  UH00-14H3O 

R.W.  Wygant.  S.P.  Almeida.  Virginia  Polytech.  Inst.  A  State  Univ.,  USA 
R.J.  Churchill,  J.M,  Glass  and  H.P.  Groger.  SPA  Int.  Incorporated,  USA 

-  Surface  Roughness  Measurement  by  Speckle  Processing  in  a  Defocused  Plane  . . - . UH3O-IbH00 

N.  Russo,  N.  Bolognini,  E.  Sicre,  M.  Garavaglfa,  CIOP,  Argentina 


WBIO  -  Mapping  of  Textile  Surface  Relief - - - - - - -  l5H30-i6M00 

M.F.P.C.M.  Costa,  J.M.B.  Almeida.  Lab.  fisica  Untv.  MInho.  ^ortu^t) 

WBIl  -  Eddy  Current  Non^destructive  Evaluation  of  Laser  dated  Metallic  Surfaces .  J6«00-iWf30 

R.J.  Churchill,  J.M,  Glass,  H.P.  Groger  and  S.S.  Lane,  SPA  lAternationa)  Incorporated,  USA 

WBI?  -  Physical  Backgrounds  of  Laser  Inspection  of  Rough  Surfaces*  .  16H30-l7H0fl 

H.A.  Ferwerda,  Dept.  Appl.  Physics.  Univ.  Groningen.  The  NetherTends 

. um^um 
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SbSSlON  4C  >  Holographic  Optical  Elements 
Chalnnen:  C.  Liaqeois.  X'lAL*  Strasbourg*  France 

C.  Gome Z'dei no,  Lab.  Optica,  Fac.  Fisica,  Univ.  Santiago.  Spain 


-  Visible  and  Near** Infrared  HOE  9H30-10H00 

C.  l.legeols,  X'lAL,  Strasbourg,  France 

-  Silver  Halide  Sensitized  Gelatin  as  a  Holographic  Storage- Medium - - - uiH30-llW)0 

A.  Ffmia.  1.  Pascuat  and  A.  BeUridez 

Opto.  Interuniversitario  de  Optica,  Alicante,  Spain 

-  Laser  Interferuiiietric  Method  for  the  HeasurtHaedt  of  Film  Thickness,  Using  Halugraphic 

Optical  Elements . - . . .  IIHOU-IUIJU 

K.  Matsuda  and  H.  Namfki,  Mechanical  Eng.  Lab,  Japan 

-  lievelupnmnl  and  Manufacturing  ol  un  Integrated  Miniaturized  Holographic 

lasod-Doppler  Optics . - . — . . . .  IIH30-12HOO 

G.C.  Sto.fanoff,  H.O.  Tholl.  f.  Hotter  and  R.  Holler,  RWTH  AACHEN,  FRG 


SESSIUN  SC  -  Moir6  Holography 
ChairNten:  J.  Ebbenl.  Untv.  Libre  Bruxelles.  Belgium 

Impiuveaients  In  Motr^-Holographit  Gratings  for  Structural  Analysis 
F.  Ginesu  and  R.  Rossi.  Gopto  Ing.  Ncccanica.  Cagliari,  Italy 


SESSION  JU  >  Laser  Materials  Processing 
Chairmen:  A.  Sona,  CfSC,  Milano.  Italy 

J.  Mazunder.  IlUnois  Univ.  USA 
R.  ViUr,  ISt,  Lisboa.  Portugal 


-  rherwograpliy  of  User  Metal-Sheet  Welding . - . 

0.  Valdez,  P.  Bilaies  and  A.  Gonzalez.  LIMf.  Univ.  La  Plata,  Argentina 

E.G.  Liuesma.  CIOP-CIC,  La  Plata.  Argentina 

-  Stainless  Steel  Cladding  ot  Structural  Steels  by  CUZ  Laser  Welding  Techniuues  . 

A.  Ludovico,  Univ.  dl  Bari,  Italy 

G.  Oaurelio.  Centro-Laser.  Bari.  Italy 

-  Netal-Si I  icon  Keaetton  with  laser  Pulses  and  Electron  Beams  — . . . 

A.  Luches,  Univ.  Lccce,  Italy 

-  Hicroitruauie  tad  Oxf<t,ctan  Pfoiwrttes  of  User  CUd  Nt70  AIM  Crf  Hf3  Alloys  with 

Extended  Solid  Solution  of  Hf* . - . . . . 


J.  Natundcr,  S.  Slrcr.  C.  Rfbuudo  end  A.  Ur,  Univ.  Illinois,  USA 

-  of  Austeivered  Uoctlle  Irons  (AUi)  Subjected  to  Laser  Surface  Melting 
D.l.  Jones.  I.  Fagoaga.  J.F.  Ltceaga.  INASKT.  Spain 

P.  Sant.  A,  JasnowsM,  Centro  Laser  de  Navarra,  Spain 

-  laser  Surface  Engineering  of  lool  Materials . . . . . . 

A.  Bloyce,  T.  Bell,  I.N.  Hancock.  University  of  Blneinghaa),  U.K. 

-  Alualniw  Reflectance  under  Excliaer  Laser  Irradiation _ _ 

A.  Anneda,  A.  Itora.  F,  Raga  and  H.  Cappat,  Univ.  Cagliari.  Italy 

-  Autoaiatic  Seaai  Flowing* . - _ _ _ _ _ 

J.  Lucas,  Liverpool  University.  U.K. 

N.J.  Bennett,  Materials  Oevelopaent  Division,  Harwell  laboratory!  u'ic’ . 


UHSO-MHOO 


UH00-I4H30 


UH3O-ISHO0 


liHX-l6H00 
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SESSION  40  ^  Laser  Cheiaical  Vapor  Oeposttlon  (LCVO) 
Chaii'tnen:  H.  Perez-Aotor,  EST  Ing.  Industr1a1es»  Spain 
U.  H.  Steen,  Iraperlal  College,  London.  U.K. 


won  '  Application  of  LCVO:  Helalluigtc.  H1cro-e)ectron1cs  and  Micro-Optics*  -  I6H00-16H30 

H.  Percz-Arnor  and  B.  Leon-fong,  EST  Ing.  Industrlales,  Spain 

WOl?  -  Laser-Induced  Formation  of  SI02-Layers  for  Microelectronics  -  16H30-17H00 

il.  Slguuind.  Fraunhofer  Inst,  fuer  Fcsttkoerpertechnologle,  FRG 


WORKSHOPS 

The  conference  was  followed  by  two  workshops  held  at  HOTEL  PORTO  ATLANTICO  In  the  V  June. 

WUKKSHUP  -  LASERS  in  HLDICINE 

This  workshop  has  been  organized  by  Professor  Nuno  Grande  t)>e  Dean  of  the  Instltutu  de  ClSncias  Biom^dicas 
Abel  Salazar  In  the  (Hotning  of  Thursday  9  June. 

WORKSHOP  '  LASERS  in  OlEAH  SCIENCES 

This  uoiksiiop  has  been  conducted  by  Professor  S.P.  Alnteida  o1  the  Virginia  Polytechnic  and  State  Vniveraiy 
In  the  afternoon  of  Ihursday  9  June. 


LISI  Of  tXHIBHOKS 


EQUiPMEMI 

-  LNEIl 

•  SIEMENS:  INTEKAIUH 

-  EFACEC 

'  H.I.  bKANOAO:  COHERENT  U.K. ;  COHERENT  COMPONENTS;  GENERAL  SCANNING 

-  LOFA:  MELEES  GKIOI 

-  MECOPIL:  MiCKO-CONTROLE 

-  SOC.  SKF:  JACOB 

-  MOELEK-WEDEE 

-  Cfa  NACIOHAL  OE  OXIGENIU 

-  CABEEJE 

SCIENTIFIC  BOOKS  I  JOURNALS 

'  KEUWER  PUBE, 

-  OXFORD  UNIV.  PRESS 

-  I OP  PUBL. 
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ABSTRACT 

A  short  historical  review,  as  well  as  trends  in  the  laser  Industry  will  be 
be  reviewed.  The  major  portion  of  the  paper  will  suimarize  specific  applica¬ 
tions  of  laser  technologies  in  semiconductor  manufacturing,  material  working, 
laser  radar,  electric  power  cable  manufacturing,  power  recovery  in  gasoline 
refineries  ar>d  nondestructive  testing, 

1.  INTRODUCTION 

The  field  of  electronics  was  created  by  the  invention  of  the  vacuum  tube 
at  approximately  the  turn  of  this  century.  The  heart  of  electronic  technology 
is  the  device  that  amplifies  the  flow  of  an  electron  stream  (electrical  current! 
either  in  a  vacuum  (i.e.,  the  vacuum  tube)  or  in  a  solid  (i.e.,  the  transistor 
where  the  flow  of  positively  charged  "hole"  can  also  be  controlled  with  appro- 
Tiate  configurations).  The  word  "electronic”  was  created  by  adding  "ic"  at 
the  end  of  the  word  "electron,"  Since  laser  devices  amplify  the  flow  of  a 
photon  stream  (light),  the  laser  can  be  considered  to  be  the  heart  of  the 
technology  that  has  been  called  quantum  electronics  in  the  past.  Mote 
recently,  some  teclinologists  have  carried  this  analogy  one  step  further  and 
encompassed  the  field  of  quantum  electronics;  including,  lasers,  opto-electron- 
irs,  electro-optics,  acousto-optics,  fiber-optics  integrated  optics,  nonlinear 
optics,  etc.,  into  the  new  term  "photonics"  by  adding  "ic"  at  the  end  of  the 
word  "photon." 

One  should  not  jump  to  the  conclusion  that  electronics  and  photonics 
technologies  compete  against  each  other.  Instead  of  competing,  these  two 
fields  complement  one  another,  Photonics  is  heavily  dependent  on  electronics 
teohnology.  Photonics  is  useful  for  those  tas)(s  that  cannot  be  performed  by  • 
electronics  'technology.  By  performing  such  tasirs,  photonics  has  already 
created  new  segments  of  existing  industries,  and  by  doing  so,  photonics  is 
further  expanding  the  base  of  electronic  technology. 

One  cannot  help  but  notice  the  analogy  between  the  role  played  by  gas 
lasers  and  optically  pumped  solid  state  lasers  in  developing  the  industrial 
base  of  lightwave  technology  during  the  beginning  of  the  field  of  quantum 
electronics  and  the  role  played  by  vacuum  tubes  in  developing  the  industrial 
base  of  ttip  radio/microwave/  millimeter  wave  portion  of  the  electromagnetic 
spectrum  during  the  early  days  of  electronics.  In  addition,  one  cannot  help 
but  notice  the  analogy'  lietween  the  role  the  semiconductor  diode  laser  and  the 
transistor  have  played  and  are  continuing  to  play  in  developing  the  industrial 
■  -./■  reerective  spectral  regions. 
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Competitiveness  of  modem  societies  requires  optimum  allocation  of  capital,  qualified  workforce  and  organba- 
tional  mfrastructure  with  the  connecting  link  determined  by  inforaiation  technology.  Human  resources  of  tlie  sci¬ 
entific  and  technical  community  can  compensate  lifiut^  tesources  of  other  types  supported  by  enlianced 
infonnation  promotion  mechanisms  in  applied  research  and  development.  Descriptive  features  of  the  problem  di- 
mensioiis  are  given  as  a  frame  of  reference,  and  important  factors  are  reviewed  for  possible  consideration  in  the  fields 
of  technology  policy,  resource  allocation  methods  and  management  practices. 

1.  INTRODUCI  ION 


Many  societies  are  at  present  subject  to  a  transition  period  caused  by  technological  innovations  and  transnational 
technology  transfer.  The  resulting  fiiture  society  may  be  outlined  in  scenarios  of  desirable  technical,  cultural  and 
.sodal  systems,  flie  achievement  of  the  future  expectations  requires  the  reasonable  allocation  of  capital,  qualified 
workforce  and  organizational  infrastructure. 


Crmtrol  and  management  of  RAD  processes  ate  an  indispensable  prerequisite  for  the  successful  appro,-ich  of  the 
future  Ihcy  are  interlinked  with  questions  of  technology  policy,  resource  allocation  methods  and  technology  man 
agemeni  practices.  Prevalent  views  have  considerably  neglected  the  most  precious  resource  in  RAD  processes  -  the 
human  being.  I  he  potentiai  of  qualified  scientists,  engineers  and  technicians  is  essential  to  ma.ster  the  challenges  of 
the  future. 


Infomiation  and  infortnalhn  technology  are  another  important,  stimulating  and  ronnecting  retsource  m  the  phases 
research,  development  and  diffusion  of  technology.  Availabtbly,  processing  and  dissemination  of  uiformation  rs  a 
historical  agent  ami  a  contemporarv  basis  for  technological  and  structural  change,  loday,  information  and  its  sup¬ 
porting  infrastructure  is  the  necessary  prerequisite  for  innovation  and  technology  transler 

|lo«cvcr,  societies  and  individuals  are  differently  prepared  and  suitable  to  accomplish  cHtriftcy  in 

technological  progress  and  competitivity.  This  fact  raises  questions  about  humM  factors  and  behavioural  patterns 
involved  at  different  organizational  levels  of  control  and  management  of  technology.  It  t^ms  oecc.sMiy  to  investi¬ 
gate  the  important  factors  which  may  influence  the  human  behaviour  at  the  saentist-place  of  work  or  to  reveal 
man  factors  which  may  improve  the  achievement  of  high-level  research  and  development  objectives. 

riic  views  iiresentcd  here  arc  intended  as  a  survey  or  review  of  factors  wjuch  can  r'">. 

role  when  taken  into  consideration  for  restiurce  allocation  Ktemes  m  applitJ  RAD.  Hie  'P' 

Icctcd  within  varying  contest,  and  were  Iraiisfened  to  conditions  of  technological  and  structural  chan^  '",^,1” 
l^hlal  system!  Ihey  should  be  helpful  to  provide  a  frame  of  reference  or  glossary  of  terms  for  further 
considerations. 


2.  TRANSrriON  ASPECTS 

Dilfcrcnt  scenarios  may  be  imagined  for  the  further  development  of  the  conlem^rary 
will  be  spread  out  by  the  starting  and  boundary  conditions.  Hie  navigHion  into  •'>«  '» h 

of  dcvciopmcnl  possibilities  and  the  limitation  of  available  leimmw.  Sj^  and  direction  iv 

be  detennined  through  tlic  appropriate  allocation  of  resources.  I^viations  from  the  foreseen  courses  can  be  possibly 
avoided  by  prtdictivc  measures  about  llic  expected  technological  and  structural  changes. 

I  crlmological  forecasting  and  a.s.scssmcnl  can  contribute  to  envisage  future  situations.  The  implications  of  ^ 
tcrhiiolopcs  will  have  effe*  s  on  economy  and  employment.  New  ^hrjologics 

nomil  arowth  and  prosperity  but  may  interfere  with  social,  cultural  and  environmental  compal^lily.  CCJ- 
(Commfssion  of  tluTliuTIpJii  Communities)  had  therefore  initialed  and  funded  many  research  activilies  wilhm  its 
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INTEGRATION  AND  CONVERGENCE  OF  TECHNOLOGIES  -  A  CHALLENGE  FOR  EUROPE 

Werner  Uobbe 

Co«missIon  of  the  European  Communities 
DG  XII,  FAST  Programme 
Rue  de  (a  Lol  200,  8-1049  Brussels,  Belgium 


ABSTRACT 

In  this  paoer  a  long  term  fusion  of  microelectronics^  photonics  end  functional 
basic  product  components  is  assumed.  Application  fieldTare  tRe  opto- 
electronics  in  devices  of  communication  technologies,  sensors,  laser  informatics  and 
measurement  and  control  technologies  in  general.  This  movement  is  called  the  fusion  of 
basic  technological  families  or  optomatronics  in  a  study  for  the  FAST  Programme  of  the 
Commission  of  the  European  CommufiTt  f  es .  fKT'deve  lopment  towards  optomatronics  is  seen  in 
the  long  term  as  important  as  the  movement  towards  mechatronics  (the  integration  of 
electronics  in  mechanical  products)  which  occurred  since  the  mid  70*s  and  was  put  into 
effect  by  industrial  policies  in  Japan.  It  has  caused  turbulent  impacts  in  mechanical 
•ngineering,  machine  tools,  the  clock  and  watch  industry  and  precision  engineering  in 
Europe.  The  same  turbulent  impacts  might  arise  for  industries  affected  by  optomatronic 
‘development.  This  should  be  counteracted  by  the  appropriate  industrial  policies. 

1.  tWTROBUCTlOW 

In  addition  to  other  areas,  the  research  programme  for  Forecasting  and  Assessment 
in  Science  and  Technology  -  FAST  -  of  the  Commission  of  the  European  Communities,  DG  XII, 
has  studied  the  industrial  prospects  for  the  "technologies  of  light**  -  microelectronics, 
product  applications  and  new  materials.  In  particular,  tbe  European  research  network  for 
technologies  of  light  has  concentrated  its  efforts  onr 

.  lasers  and  their  accessories 
.  fibre  optics  and  accessories 

.  systems  for  the  capture,  processing  classif Ication  and  exploitation  of  image  data. 

The  outcome  of  this  scanning,  assessment  and  forecasting  atjtivity  shows  the 
importance  of  this  technological  family  for  industrial  purposes'  which  has  been  over-  ^ 
shadowed  by  microelectronics.  In  resumption  of  these  facts  and  eonsiderat ion  of  other 
studies  conducted  by  the  research  programme  aimed  at  RTD  policy  consultation,  a  dossier^ 
has  been  established  which  points  out  the  strategic  relevance  of  the  fusion  of  basic 
technologf cal  families  and  its  industrial  impacts. 

A  central  message  of  that  dossier  is  that  in  addition  to  the  process  of  introduction 
of  microelectronics  into  electromechanical  products,  a  similar  process  will  occur  with 
technological  families  which  have  already  or  will  strongly  enter  into  traditional 
manufactured  products.  They  will  substitute  other  technologies,  create  new  products  or 
improve  the  functions  of  traditional  products.  These  new  technological  families  are 
light  (optical  technologies  or  photonics)  and  functional  materials.  As  already  stated, 
tiTe  fusion  of  basic  technologies  (electronics,  photonics  and  functional  materials)  in 
components  and  the  integration  of  those  components  into  products  is  called  the  move 
towards  optomatronic  related  industries. 

It  is  assumed  that  technological  fused  components  will  be  just  a  part  of  a  bigger 
product.  Similar  to  the  chip  is  the  heart  of  microelectronics  as  a  component  for  a 
calculator,  machine  tools,  CNC  control,  etc.  Optomatronic  components  will  be  integrated 
In  products  like  measurement  instruments,  communication  facilities  or  household  equipment. 
They  will  particularly  go  into  products  or  areas  where  today  already  electronics  have  had 
a  breakthrough  because  fused  components  are  associated  with  information,  common i ca t ion 
and  control  functions. 

The  move  towards  the  fusion  of  basic  technologies  and  its  integration  with  traditiona 
products  is  not  directed  Cowards  a  single  industry.  Like  microelectronics,  it  influences 
a  broad  range  of  industries  and  can  be  called  a  generic  or  basic  technology. 

2.  THE  INTEGWAriON  OF  TECHNOLOGIES 

The  integration  and  combination  of  technologies  it  a  well-known  historical 
phenomenum.  But  it  has  now  accelersted  its  pace,  and  will  do  so  further.  The  traditional 
automation  technologies  In  factories,  as  well  as  in  households  (washing  aseliints,  air 
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ABSTRACT 

This  review  presents  some  major  projections  respecting  the  next 
25  years  of  optical,  optoelectronic,  and  laser  technologies.  The  pro¬ 
jections  given  are  extrapolations  of  present  knowledge,  with  emphasis 
on  Industrial  and  manufacturing  applications  of  these  technologies. 

I  nPTTCAL/OPTOeLEX;TROWlC/LASER  TECHWOLOglES 

The  past  25  -  30  years  of  optical  and  laser  technologies  have  seen 
optics  transformed  from  a  last-century,  “dull”  subject  Into  an  exci¬ 
ting.  leading-edge  technology,  optoelectronics  arise  from  the  ”»rrlage 
of  optics  and  the  newer  technologies  of  electronics  and  microelectron 
Ics.  and  lasers  discovered  and  developed  Into  useful  tools  for  ®cl~ 
ence,  engineering,  medicine,  commerce.  Industry,  and  consumer  markets. 
The  next  25  years  will  see  these  technologies  reach  ^ 

onstrate  their  full  capabilities.  At  least  one  expert  has  stated  that 
within  20  years,  virtually  all  signals  will  be  transmitted  optically. 

d  progress,  permits  the  formulation  of  some  major 

95  vears.  with  emphasis  placed  on  the  Industrial 

an^ manufacturing  applications  of  lasers,  optics,  and  optoelectronics. 

These  conjectures  are  as  follows.  Hated  In  arbitrary  order: 
t-  Few  truly  new  types  of  lasers  will  appear;  existing  types  will  con¬ 
tinue  to  evolve,  with  trends  toward  simpler,  more  ^  l 

SroL  ind  diode  laser  pumped  solid-state  lasers,  having  performances 
equal  to.  or  better  than,  those  presently  available. 

S  Certain  types  of  lasers  which  are  now  In  their  Infancy.  "°‘«bly 
ohased-arrYy  semiconductor  diode  lasere.  tunable  fiberoptic 
^!;rfJe^-!itectron  lasers  will  be  dev.lopsd  to  become  useful  and  com¬ 
monplace  tools. 

.  _ _  1  lamarm  based  on  Interactions  of  matter 

irhrgh"e^/rgTe"s  a^d  densities  a^d  controlled  nuclear  and  thermonuc¬ 
lear  ?eactloSs.  lasers  evolving  from  ongoing  work  on  advanced  weep 


tlaetkooptlotl  T4ohnolo«l»a 

rtnaUied  o(  tuilw  if.tloii*!  MAa.reh  CounoU  (cmr) 

tom*,**..  »*. 

Th.pr.llm„.„  .tudrof  «.l.pro,r«,  dtdrfd  to  wi,  **1  th.  auttortoatlon  to  am /«r 
Ptttotto*  •  totalbUitr  .tudr  M.  plw*  t,  tM  tmto.  Iltotot.r  for  th.  «ol«.tlflo  ond 
nolmoloflrleal  Raaaaroh  on  April  4,  iftc. 

•sparto  froR  om,  Italian  Vnlvaralty  tod  tnduatrloa  opdrattog  to  th#  fi.id  of  oiootreepttca 
putaelpatad  to  theaa  atodlaa.  TM  final  apptavai  lot  thto  program,  an  ooii  a.  for  othor 
nlna  preoraM  oparatlng  In  dlffaront  flaldo,  wao  plvon  fren  tho  Italian  govarmant  on  mar 
21,  1117.  Prom  that  data  am  atartail  tha  oparatlono  lor  appointing  tho  gtaorlng  eeamlttao 
(Dlraotor  and  aubproiaot  ooordlnatoral  tod  Ptojaot  ftobnleal  coaiaittoM  whila  tha 
tagolatlena,  already  exlatlng  for  managing  thtaa  programa,  wora  raviaed  aoooxdtng  to  aomo 
Ooi.rnmant  Indloationa.  fn  order  to  adrartiaa  at  naxtoom  tM  different  progrmw  and  aaaute 
a  large  guallliad  partaelpation,  tM  announoement  tot  partaolpatlon  waa  publlahad  in  the 
main  Italian  dally  nawapapara,  aatabltohing  aa  daadllM  for  ptopoaal  aidMlaalon  Hovamber 
10,  lOa?.  Tha  propeaala  aufamlttad  for  thle  program  «mra  about  ISO  whloh  art  now  being 
axamlnatad  by  tM  atearlng  ooiailttaa  and  axparta  lt«e  lor  each  propoaaU  appointed  by  the 
ptojaot  oonmlttaa,  who  vlll  report  to  tM  orolaet  Taohnioal  Cannlttaa  for  final  daelalon. 
tubaaguantly  an  eaeoutiva  program  will  M  doflnad  to  M  aubadttad  to  cm  Pcealdanee  tor 
approral. 

Thin  projeot  followa  anotMr  projeat  on  "power  laaeri"  esplred  at  tM  end  of  1902.  ita 
apeolfio  and  guallfylng  purpoae  10  conatltutad  by  tha  dayalepmant  of  prototypaa  of  ayatom 
with  relevant  degree  of  innovation  and  of  Intaraat  lor  A  variety  of  applleatlena.  The 
ehoieo  and  aim  of  tM  oonaldarad  ayatema  Mva  been  didaoted  by  preolaa  marMt  prevlalona. 

TM  ~  tlvity  of  tM  program  la  organtaed  Within  tour  gtibprolaeta,  two  of  which  are  aimed  to 
tM  atudv.  daalgn  ana  nonatruotien  of  prstotypva  wl  elaotroopcloax  ayatema,  While  tha  otMr 
two  are  oonoernad  with  tM  reagareh  and  the  development  Of  tM  related  naeaiaary  aotlva  and 
paaatve  oomponanta. 

TM  projeot  la  divided  Into  tM  following  fcmx  aubprojootai 
SPl  Systomo  for  Induetrlai  preoosalng  and  dlagnoetloa 
•P]  fyetoma  for  InformOtioa,  anvlrenmanti  and  dafenoa 
•PI  ■lootrooptloal  aetlvo  oomponanta 
Sf4  flaotrooptloal  paasive  eompoMnta 

A  partloular  teak  In  oharoa  of  the  nlmnMon  of  the  rrojcct  la  tu  piuvido  a  otMitlnuoua 
lipdatlng  alee  with  moatlnge  with  Intarnatlonal  onporta  on  tMoo  Byatoiw  for  Appllod 
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Entrepreneurial  aspects  for  Industrial  applications  of  laser  technoloaies 

Antfitiio  da  Silva  Telxeira 

Banco  da  Foinento  Nacional 
Avenlda  Casal  Rlbeiro,  59  1000  Lisboa  Portugal 

SLIDE  1/12 

In  order  that  industrial  applications  of  laser  technologies^  or  other*  may  be  successful 
in  the  markets,  it  becomes  mandatory  that  they  meet  usual  accomnlishmant  criteria  In  the 
entrepreneurial  trorld. 

Amono  the  requisite  tor  success  we  mention t 

1.  Development  of  conditions  favourable  to  chance 

2.  The  practice  of  industrial  projects  discipline 

3.  The  knowledge,  acceptance  and  good  use  of  the  conditions, 
organization  and  rules  that  characterize  financial  markets 

4.  The  respect  of  the  strategy  and  top  management  basic  concents. 
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TIME  SPAN  ASP  t£VEh  OF  PimCULTY  IHVOLVEP  FOR  VARIOUS  LEVELS  OF  CHAWCT 


Organizacional  or 
eroao  hehevlaar  _ 


'"Y"'  - -  \  ^ 

I  Individual  behaviour 

Dlficulty  -  -  —  * 


Involved  Attitudes 

I  - 


-7m 


As  a  rula»  change  in  an  induatrlal 
I  envlroniaent  Iwnlleat 

.  New  technic*  for  actual  oroaucte 
.  New  technologies  for  new  product* 
.  New  awthode  or  procedure* 

.  New  organisation 


Knowledge 


■Coercive  — j  (Hereey  and  Blanchard  dlagra*  in 
I  I  lUvGantia,  Management  Conaultlng) 


involved— (tOng)» 

Planning  and  budgeting  for  training  and  develoowent  are  regulred. 

■we  have  plenty  of  ea«.a»-nt  ecl.nti.t.,  but  what  w,  need  1.  wanageeent  engineer.  . 
Prof*  IfOh  (M.I.T.). 

-The  world  need,  .leple  -rxJel.  ba.sd  on  .ophl.tlcated  ...u-nticn.V  Mr.  Sloan  IC.M.) 
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TwefJiMgWTIWC  CHANGE  -  TOUB  USETOl.  STOPS 


Gaining  attention 


Awakening 

interest- 

Buildlno 

desire 

tneltino 
aetloA  . 


The  eosb  .ffectlve  and  ??? 

for  gaining  attention  eeew.  to  be  to  in 
troduee  a  stats  of  Anxiety* 

The  Interest  way  be 
attention  to  the  banBlltS- Chwd9  tn 
ths  clrcumstsncs. 

The  desire  may  be  reinforced  by  the 
snelisy*  of  yijtemetlve  eolutione- 

partieipetnig  in  the  reeulta  of  chan 
am  incites  to  action. 
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Oth*r  d«v*lopm«nts  concern  the  many  technologies  associated  with  the  laser,  as  there  are  pump  lamps, 
crystals,  coatings  and  cavities. 
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0Yt»¥IEIt  OF  OI»TIC»l  METHODS  IW  HtTROlOSY 
>  •Ittii  EBSENI 

UnIvtrsItC  Libre  di  Brvxellee,  Otperteneet  des  Milieux 
Continus  -  CP  194/S  -  50,  eve.F.  loexevelt,  lOSO  Bruxellet,  Belplu*. 


MBSEBACT 

The  ef  this  peper  l<  not  to  pl«e  <  long  end  tedTovs  detcrTptlon  of  ell  the 
optical  oethodt  uied  |n  aetrology,  but  to  droH  toae  general  tpeclflc  propertlers  and 
Ideas  llluftrated  by  repreaentatlve  applfcatlona. 

lapaet  of  non-llnear  optica,  optical  aaveguldes  and  holographic  optical  eleaenta 
are  selected  Helds  for  this  rovlea. 

I.-  mtAOOIICItOII 

Metrology  consists  to  COMIBOl,  to  MEASURE  or  to  DEIECI  OUAmiTAII'ElY  of  (and) 
OUAlllAIIVEll,  In  a  HtOE-RAIISIN6  FIELDS,  toae  TYFICAL  PRORERTIES  of  a  SCENIC  OEOHETRY  like 

-  distances  -  foras  -  displaceaents  -  rotations  -  accelerations  -  velocities 

-  strains  -  buckling  -  state  of  surface  -  aapping  contours  -  flaw  detection 

-  crack  detection  -  level  -  densltoaetry  -  volwae  capacities  -  proxialty  detection  - 

-  torque ... 

or  soae  EYTERNAL  FIELD  like 

-  teaperature  -  presslon  -  acoustic  presslon  -  gat  detection  -  density  - 

-  concentrations'^-  spectral  absorption  -  hualdity  -  aolsture  -  aagnetic  field  - 

-  electric  current... 

In  view  of  BEIIER  DNDEASTANOING  DF  PHYSICAL  EXPERIEHCES,  IMPRDYCHENT  of  PERFORMAHCE, 
CDNIRDL  DF  qUALIIT,  SAFETY  or  ECDNDMICAl  CRITERIA, . 

The  ootical  techniques  •ve  powerful  In  aetrology  ^•c*"** 

pertles . 

SCANNERS,. . . 

PRODUCT  ion. . . , 

Duacc  CFrrrrc*  INTCRFCROMCTERS  (v1br»tlon»,  def*r»«t1on* ■  Index  ver1el1on$»  coherent 
S???UE  SuHobS,  PIIASE  CDNJUGATIDN  EF^iTS... 

PDLARIZAIIDN  EFFECTS:  PHDTDELAST ICIYY ,  SYORES  PARAMETERS  (f.l.  study  of  roughness). 

.  WODUCIITTUrTTARADAY ,  PDCRELS  CELLS,  ...).... 

SPECTRAL  ANALYSIS:  ALL  SPECrRDSCDPfCAl  SYSTEMS,  LIDARS  (f.l.  air  pollution), 
CONCENTRATnnmirASUREMENTS , . . . 

■nrnnSRFNT  SPATIAL  FREQUENCY  BEATING  EFFECTS  :  ell  the  MOIRE  aethods  (rntatinns, 
sTraTtis,  displaceaents,  contours,. . . ) 

FotnutNCY  modulation:  all  the  HETERODYNE  aethods,  DOPPLER  effects. 
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ABSTRACT 


One  of  the  bottle  necks  of  the  defence  Industry  Is  the  fuze  testing.  This  task  must  be 
srformed  twice  for  each  fuze.  It  la  a  lOOX  test,  since  all  the  fuzes  must  pass  two  tests. 

The  arming  test  la  performed  at  an  high  rotation  speed,  and  it  is  necessary  to  guarantee 
that  a  minimum  diameter  is  open.  The  non  arming  speed  must  guarantee  that  a  too  small 
aperture  has  not  happened. 

The  usual  way  to  test  the  fuzes  is  the  visual  Inspection  by  experienced  operators  This 
method  presents  several  problems  and  is  always  possible  to  have  some  faults. 

To  solve  this  problem,  It  was  developed  a  special  purpose  machine  to  perform  this  task  in 
a  completely  automated  way.  The  results  of  this  development  are  presented  in  this  paper. 
The  optical  system  which  incorporates  a  laser  and  the  Interface  with  the  mechanics  of  the 
machine  are  analysed. 

The  prototype  Is  Installed  at  INDEP  and  being  used  for  the  automatic  testing  of  the  fuzes. 

A  description  of  the  optical  system  and  Its  characteristics  are  presented  in  detail. 


INTRODUCTION 


In  order  to  solve  one  of  the  bottlenecks  of  the  national  defence  industry  a  machine  has 
been  developed  and  build  to  automatically  perform  the  arming  and  non-arming  tests  of  fuzes 
at  the  production  line. 

Each  fuze  must  be  tested  twice:  at  the  non-arming  test,  performed  at  a  low  speed  of 
rotation.  It  Is  necessary  to  guarantee  that  the  shutter  doesn’t  open  to  a  very  small 
value;  at  the  arming  teat  it  is  necessary  to  guarantee  that  a  predefined  value  has  been 
reached  by  tho  shutter. 


THE  MACHINE 


The  machine  incorporates  three  main  parts:  the  structure,  the  spin  rotation  system,  the 
pneumatic  system  and  the  optoelectronic  system. 

Fuze  rotation  is  achieved  by  means  of  an  electric  motor  that  transmits  movement  to  two 
spindles  one  at  1100  rpm  and  another  1300  rpm. 

The  pneumatic  system  Is  responsible  for  the  semi  automatic  feeding  of  the  fuzes,  its 
rejection  and  also  for  the  mechanical  connection  between  the  fuzes  and  the  spin  test 
points. 
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AiSlBACZ 

One  of  the  problems  of  the  production  of  cables  is  the  measurement  of  the  thickness 
plastic  cover  at  the  production  line. 

If  for  some  reason  the  thickness  of  the  plastic  is  smaller  than  "‘"J";;",  "“‘"""ble 

several  meters  of  cable  may  be  lost.  If  the  problem  exists  in  the  middle  of  a  Ion* 

and  the  default  Is  not  detected  in  time,  the  loss  will  be  significant. 

olve  thi'  oroblem  it  is  possible  to  use  automatic  measuring  machines  which  may  detect 

a-det-ault  as  .;oras  Tt  happeL.  It  is  also  possible  to  Interact  with  the  production  line 

in  rir<i«»r  to  avoid  any  losses- 

In  this  paper  it  is  presented  a  non  contact  measuring  machine,  developed  for  this  purpose. 

The  machine  uses  a  laser  which  is  scanned  through  a  field  of  80  m„^  The  interruption  of 
the  beam  gives  information  about  the  external  dimension  of  the  ob.iect. 

pr'‘»diirf- f '■•n  line 

anH  tfointf  to  be  tested  In  the  industry. 

The  prototype  is  finished  and  is  goin« 

Key  word.s-  Non  contact,  mea.surement .  laser,  scanning. 


INTBQPgCIIQN 


The  measurement  is  an  Important  task  when  high  quality  is  wanted. 

here  was  devolloped  for  the  automatic  continuous  measurement  of 

The  prototype  presented  here  was  _ 

the  external  diameter  of  cables  at  the  production  line. 

:achir*''’^he"%i!Spt?c?L*  o?  ti;ropUoj}%y:Sem*:^forth:  S::d”-rri:  o)‘’:re:r\m^rt,nc: 
to  this  project. 

.  t  .h-  machine  is  prepared  to  be  connected  to  a  personal  computer  which 
Although  very  simple  the  machine  is  prepare 
may  receive  information  from  several  maehinea. 
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JeLtef“wfth‘'  “?«<»  Industry  more  and  »ore.\  On^  of  the  problems 

eniolved.  *  ^  ^  automation  of  a  Store  House  Is  the  identification  of  the  products 


'  _ady  used  for  stock  management,  the  Bar  Codes  allows  an  easy  «ay  to  identify  one 
.roduct.  Applied  to  automated  magazines,  the  bar  codes  allows  a  great  variety  of  Items  In 


III  order  to  be  used  by  the  national  producers  of  automated  magazines 
f^r'annf^r  devrtMopd»d, 


a  d^^vot.ftd 


Ihe  rrotot.ype  uses  an  He-He  laser  whose  beam  scans  a  field  angle  of  7f.  degrees  at  16  Hz 
The  scene  reflectivity  Is  transduced  by  a  photodiode  into  an  electrical  signal.  which  is 
then  binarized.  This  digital  signal  Is  the  input  of  the  Hecodifying  program. 

The  machine  Is  able  to  see  barcodes  and  to  decode  the  Information. 

A  parallel  Interface  allows  the  comunicatlon  with  the  central  unit,  which  Is  responsible 
for  the  management  of  automated  magazine. 


l8TBQD«CJl(Mf 


,ie  of  the  problems  linked  with  the  automation  of  warehouses  is  the  Identification  of  the 
products  involved. 

Already  used  for  store  management,  the  barcodes  allows  a  great  variety  of  items  In  a  small 
code  and  an  easy  way  to  Identify  one  product. 

In  order  to  be  used  by  the  national  automated  storehouses.  a  devoted  baser  Scanner  has 
been  devel loped.  Using  a  very  small  He  He  laser  (LBR  76A7  Siemens)  0.5  mw  and  the 
simplest  polygonal  mlrrow  two  faces,  this  prototype  Is  able  to  read  any  type  of  barcode 
once  the  software  to  do  that  has  been  developed. 


rsi  HSiuci? 


Due  to  the  greet  possibilities  of  processing  and  stock  manegement  offered,  barcodes  are 
now  widely  used 

A  barcode  la  a  self  contained  mesaage  with  information  encoded  In  the  physical  widths  of 
bars  and  apaces  in  a  printed  pattern. 


Interrpiometric  .ilignnirnt  by  a  Cirrular  Zonr  Plate 
V.Horeiio,  M.V.Pere*.  S.Dnrn,  C  .Come*-Re  1  no 


ABSTRACT 

illuminated  by  a  plane  wave,  and  by  several  diffracted  orders  reflected  by  the  reflrrtina 
surface..  Interference  pattern  produced  by  two  spherical  waves  depend  on  the  relative  po- 
Bitlon  of  the  eeneratln*  sources.  Tlltin*  or  axial  misallgnmenl  between  the  planes  deter¬ 
mine  the  relative  position  of  the  two  point  sources  and  it  yield  frinse  pattern  variation. 

I .  IWTROnt/CTIOM 

Zone  plates  have  been  classicalv  described  as  beam-splitter  to  set-up  a  rnmmon-path 
it<*rferometer  in  to  test  optiral  surfaces^?^*  Recentely  there  hss  been  a  reviv.-il  of 

interest  in  the  rone  pjates«  as  {fnp4»rtant  elements  In  optical  met  rologyT^^^fn  this  paper  a 
simple  and  accurante  method  for  opli<.i}  alignment  and  positioning  between  two  plane  siirfares 
by  means  of  a  transmssion  rone  plaiiK'.ls  proposed. 

2.  /.ONE  PLATE  IMTERFEROHETER 

It  is  well  known  that  the  i nterlfrence  pattern  produced  by  two  spherical  waves,  at  cer¬ 
tain  observation  plane,  is  strictly  depending  on  the  relative  position  of  the  gencr«itlng 
scurreM.  We  propose  to  generate  tw»»  point  sources,  one  of  them  relatrd  to  fhr  relrriMire 
plane,  defined  by  tlie  rone  plate;  and  the  other  with  the  reflecting  plane  .surfati^  ( re>f' 
instance  a  mirror)  that  must  be  alignment  respect  to  the  firsi  one.  So, the  fringe  p.itlrrn 
produced  by  superimposition  of  the  waves  produced  by  these  sources,  allow  us  to  make  quan¬ 
titative  measures  of  the  axial  and  lateral  displacements  between  them  and  ronsequent ly  bet¬ 
ween  the  plane  surfaces.  Now  we  propose  a  method  for  alignment  a  common-path  Interferometer 
by  using  the  diffracted  orders  produced  In  the  reconstruct i on  of  a  Circular  tone  Plate  fCtH 
processed  under  linear  conditions,  lo  order  to  make  its  alignment  easy,  it  is  convenient  to 
pro<*eed  as  follows?  Assume  that  a  monochromatic  plane  wave  is  normally  incident  on  the  CZiC 
placed  in  front  of  a  mirror, as  show»i  In  Flg.l. 


Fig. I  Schematic  arrangement 

We  considerer  only  two  kinds  of  wavefronts  transmitted  by  CZP  derived  of  the  incident  ' 
plane  wavefront.  The  first  kind  consists  of  the  direcly  transmitted  wavefront  (noii-dl ffrac- 
ted  order)  and  the  second  consist  of  the  first  positive  diffracted  order  (♦!)  at  ihe  CZP. 
TheH<>  wavefronts  sre  i*eflerted  hy  (In*  mirror  and  transmitted  again  by  the  CZP.  The  light 
emerging  from  the  common-path  Interferometer  consists  of  several  diffraction  ordersi  two 
of  them  are  (-flfO)  and  (0,-1)  orders  that  may  be  regarded  as  provenlent  of  two  point  sour¬ 
ces  respectively.  Wlien  the  I nter fernmeter  is  adjusted,  these  sources  are  coincident,  and 
cotisequeiitly ,  they  pi'odure  an  nitif'orm  illuminated  field  at  an  observation  planc|but  If  the 
Interferometer  is  mlsadjusted,we  can  observe  s  weak  fringe  pattern  at  the  observation  plann 
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for  the  measurement  of  focal  distances  of  refractive  and  reflective  Imaging  .« 

1 P5®®®jted.  The  experimental  conditions  and  llmll 
*  application  are  studied  In  order  to  maximize  the  measurements  accuracy. 


I.  IdTROOUCTIOW 

\ .  - - - 

■imaging  properties  of  periodic  transparencies  when  illuminated  by  a  plane  wa\ 
lown  for  a  long  tlme^.  Talbot  Interferometry,  resulting  from  the  coherent  lnt€ 
I  modified  self-image  and  the  object  or  Its  replica,  has  been  used  for  severaJ 
The  properties  of  Talbot  Interferometry  with  self-images  modified  by  an 
;eiB  nave  been  recently  studied  In  ref. 6.  There,  the  spatial  frequencies  of  the 
ference  pattern  have  been  related  with  both  the  object  spatial  frequency  and  t 
•up  characteristic  lengths.  These  relationships  led  to  the  establishment  of  a(, 
■o  measure  the  focal  length  and  to  find  the  location  of  characteristic  points 
•f  any  imaging  system. 


laper,  we  discuss  the  experimental  conditions  and  data  manipulation  whicn  lear 
controlled  and  accurate  measurement  for  focal  length  of  positive  and  negative 
rors . 


II.  PRINCIPLBS  OF  THfi  METHOD 

.,a.b)  show  the  geometries  for  testing  refractive  and  reflective  Imaging  syste 
.wo  '  entical  1-0  periodic  transparencies,  with  spatial  frequency  dlsta 

K  from  the  lens  are  used.  The  moire  interference  pattern  Is  observed  at  plane 
tig. lb),  only  one  transparency  is  used;  the  Interference  pattern  Is  observed 
at  a  distance  d=d,=d2,  from  the  mirror.  For  an  accurate  measurement  of  the 
n  period,  planes  Ix2ry2)  *”<1  (x,y)  are  magnified  by  a  lens  (drawn  with 
I  In  the  figures) . 
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lasor  radiation  sonre.-s  In  photridotori oa  I  ii.rat  Ion  V..  ..  i 

an  oxampic  of  that,  a  m.-ontly  mado  ;;:^r 

unerriainty  of  so„oral  al.solnlo  radi,«„ot r=  in  d.v=rri(V,l. 


1.-  INTRO«)OCTIf>N 


.  ••'•ponds  o..  Ught  hoamp,.,p..rl  i,.s,  s,„  I,  .,a 

.  ..  .  .  ''7"""'  P°“0'  «|.a.  ..,  d.stril.n.ion,  pol ar  i  ;.at  ion,  hoam  di  vo,  g,. ...d  m  .,..,- 

M<  «v«i  aiui  foim.  U  also  <Iop<Mi(ls  on  detector  character  irMcr,  .is  I  ofiii -dro  f>f 

ll.l.■l.l.,•l  i.ji.  typi',  i..al<Tial  in  wliirli  dt-loctor  is  based  on,  det.'ctoi  intoii.al  •=. .  ...t  .,„d 

.v.-n  ...  l.H-.o.  K„viron.nen.al  characteristics,  s..ch  as  t  ernper  at  ,j,  .*,  l.a.I:  o..,in„l 

li..n  .Hid  ....-.-l.anlcal  or  electromagnet  i cat  noise  sources,  ate  important  too  in  ing  ,)e- 

irspon!."-.  Tfie.e  js  one  more  aspect  to  be  roiisidorcd:  the  way  in  wl.irli  t,sp, = 

•r  oited.  Tin;-,  is  imp..ilant,  I.eeause  many  tim-s  the  instrumentation  used  may  .lislntl.s 


•  ncl 


Tm 

t  .-••I  fi 

I  .»»  t’  I  y 

IIN'Ill  , 

I  liat  , 


r.Uiln.iU'  a  pliotodctcctor  in  absolute  values  moaiiB  to  know  Ik)W  mnrlt  r o.;p. .rrn*  t  h.'  .1.-- 
will  nvf  wiiji  lospoct  to  a  cert.iin  amount  of  inridont  ladiniii  p.>wrM  Vn  .lt>  mm  u- 
it  \ti  in'o.'r.r..ti  y  io  keep  well  uinl.'r  c*..nlinl  all  pat  amet  <•»  s  wliirli  afft-fl  i  !,»• 
iM'f.niBo  Mtf'  IvMor  they  are  known,  tlic  lower  iincet  t  a  i  nl  y  will  !>»■  oblaiiM.fl.  M.  'Mii:.-  of 
l.l«<>r  raifi.it  ion  sources  are  very  unt'ftil  IooIb  in  phot  ode  tret  nr  r.iithration  pr  •>«-,. ,|„f  ej» 


l.asfi  l.f.iffi}!  Imvo  bof'ii  used  in  the  Lahoiatoiy  of  RadifMmdry  tl  lh»‘  liistitnl  *  .f.-  opii.-i 
fi<Mn  .';ev<o,i|  ye.u  s  .  Rrceiitly  tf>cy  have  been  used  as  lartiaticm  'uniie^s  io  eemp.ii  •*  M>f  niieer- 
iiiiit)  of  Bevcj.il  ctimmorciaHy  available  al*!:otu(r  i  atliomel  ei  s  in  mtMsni  in^  spei-tt.il  i.idiant 
I  lux.  Tluj;  woi  k  will  he  described  as  an  example  of  the  imporf  .inre  anti  utilily  »d  l.iser  for 

«!»•»  eel  «»t  e.i  |  i(>i  .ii  irtn  . 


iMi*<»irrArict:  or  using  bAsuii  in  ABsutuTr  nurroDK-rtrcTOR  CAbuu<ATit>N 

'!t»nif'*‘S  pff'W'iil.  SOUK'  advaiil  a^e*:  against  othel  tadlilion  soutt-fi.  Tiny  'tnii  i  thin 
I  .  Mil  in  .1  well  tltfiivMj  direction  havinq  -a  sm.all  degie<'  of  tliverqenc*e  .irirl  wiih  f»tc|h  f»' i.'i 
tl«iisj<y.  'I'liei  ff /)r '•  many  auxiliary  optical  i*<.*mponent  s  ate  tiol  tientjed.  They  .if?:*'  em  i »  in  i 
Vfiy  natrow  .iinf  fixed  sp<*i*iral  interval,  whjrfi  f<»i  mest  » ;Hfl«>mel  r  ic*  pnr  le'f'ee  miy  be  e..i|.:i,|“ 
e|e,f  Id  |,<.  ,1  'lintjle  wavelengtii.  Tlioietoit'  |1  Is  possible  to  eHmiMalt'  .all  w.ive  Ifriul  l»  depfsi** 
flV'l  wliieli  call  be  of  great  impnilancc  in  oalibtaiinq  seioetive  cletoetfus.  pesitles 

ni!  y  sources  eiiM  I  poJari?:ed  radiation  and  even  if  tin'y  do  r)ot  do  s»i,  it  I*;  e.-ir:y  lo 

.l.»i  i  y.i'  I  hell  out  put  beam.  Some  of  these  statemetits  ar»*  not  I  rtie  for  l.iser  liiodo;;,  Mi.it 
lefpiiir'  spf*ri.il  tfi’atment  . 

In  Mrr'  f'Mn’r  hand,  if  i.s  ncri'ssary  to  be  careful  when  nronq  lhe<^e  soui  ee?:  to  c.ililM-it>- 
pilot  ocletect  or ,  Irecauso  sonie  of  the  characi  er  i  st  ies  pieviously  cited  as  acJv.rni  a'je*»»r:  minlit 
be  d  I  s.itlvanl  .aqrvnis ,  req.irdtnq  to  deterior  response  n.aturation  pir>hleins,  for  ited  mef. 


Ati  example  rrf  the  irriDortance  of  laser  iK’ams  in  absolute  photoilrd  ret  or  c.il  ihi  at  irjn  ir;  t  lie 
se  I  f -ea  1  i  hr  at  i  on  metliofP  .  It  is  claimed  tliat  the  uncertainly  of  this  melhod  lappltf'abli*  to 
types  of  silicon  photodiodes  I  is  less  than  0.1k,  which  would  he  very  diffirult  to  ebMiin 
without  the  use  of  a  laser  beam. 


.1.-  INTKHCbMPAKlSON  Of  ABSOLUTE  UADIOMprERS  AT  SEVERAb  VISIUbR  LASER  WAVEI.RNtmi.S 

Absi'lute  rarliomelers  .ire  widely  used  not  only  to  realise  radiomrtrie  sc.Tlr's,  l>nt  t  mea- 
••uic  ladiant  power  of  many  other  applications  where  absolute  vr.  lues  are  neodefl.  Thcr»'  ar*' 
<llf(f*rent  types  of  absolute  radiometers  based  on  different  malnrt.als  and  nirarnn  ••menl  prin- 
c-iplfc:.  All  <d  t  l!f»wi  ar<*  supposcd  to  be  accuviite  in  1%  or  better,  but  in  inear-niinq  i.nliant 
p«*wi  some  other  mircrta  i  nty  sources,  such  as  sensitive  surface  inhomoqrn*M  t  ies,  way  in- 
t*ie.is»'  t  lie  iillimafe  error  of  the  measurement. 

S«nr».'  thief  tlifreteid  al»solutr  rarliomel  e»  s  are  available'  in  the  L.ibnr  at  •>!  y  **f  Rid  i  •  "met  »  y 
.If  the  iiistitnfr  c»f  dptlrs.  It  Would  be  InteresMnq  to  mi'asure  the  »»ptlr’al  power  .if  a  Itqlit 
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ABSTRACT 

For  about  four  years,  collaborating  with  its  industrial  and  scientific  partners,  CNES  has 
studied  the  different  types  of  optical  sensors  that  could  help  to  fulfil  an  impactless 
rendez'vous  and  dockin9  mission  between  two  spatial  vehicles  moving  on  a  low  otbit  around 
the  Earth.  As  a  part  of  that  activities,  a  study  realized  by  Sercel  and  CNES  resulted  in 
the  definition  of  a  phase  aieasureaient  rangefinder  able  to  measure  distances  from  2  to  500 
meters  with  an  accuracy  varying  from  20  millioieters  to  40  millimeters  at  a  rate  of  I  Hz. 
The  ran^e  and  the  field  cf  view  (^S*)  of  that  instrument  to9ether  with  specific  constraints 
due  to  spatial  environment  lead  to  choose  hi^h  power  (200  mW>  current  modulated  continuous 
wave  laser  diode  as  lightning  source  for  this  application.  As  a  matter  of  fact,  the  target 
satellite  must  keep  passive  during  the  mission.  Furthermore,  the  sensor  must  work  in  open 
field  to  avoid  the  use  of  mechanical  scanning  systems  and  must  be  able  to  deliver  a  correct 
information  even  if  the  sun  is  in  its  field  of  view  so  that  the  rendez-vous  scenario  is  not 
constralnted.  Last,  semi -conductor  technologies  have  been  preferred  because  their 
spatialisation  seems  to  be  simpler.  Yet,  a  speckle  phenomenon  due  to  the  multimode  optical 
fibre  onto  which  the  laser  diode  is  connected  appears  in  the  field  of  view.  That 
phenooienon,  associated  to  the  dynamic  behaviour  of  the  component  (spectral  drift  versus 
current  intentityl  prevents  the  sensor  from  delivering  an  homogeneous  answer  in  different 
points  of  the  field.  The  phenomenon  has  been  analysed  and  a  solution  implying  an  adapted 
modulation  for  the  laser  diode  is  proposed.  The  global  sensor  principle  is  described. 


i,  HtTROODCTIOW 

Research  on  sensors  to  be  used  for  in-orbit  operations  has  now  taken  a  new  direction  with 
the  increasing  development  of  the  orbital  infrastructure.  Indeed,  conventional  stellar  or 
planetary  sensors  no  longer  meet  the  requirements  for  the  type  of  missions  now  planned.  An 
impact-free  rendezvous  between  a  hunter  and  a  passive  target,  for  instance,  can  only  be 
successfully  completed  if  the  docking  vehicle  is  equipped  with  a  range  finding  system  able 
to  evaluate  the  relative  position  and  attitude  of  the  two  vehicles.  Investigation  in  this 
field  over  the  past  few  years  has  lead  to  a  clear  definition  of  range  finding  requirementsf 

Phase  measurement  telemetry  was  rapidly  adopted  ae  one  of  the  concepts  likely  to  meet  a 
certain  number  of  these  requirements,  namely  the  ability  to  measure  the  distance  and 
relative  velocity  between  hunter  and  target.  The  specifications  pertaining  to  an  instrument 


of  this  type  are  summed  up  in 

Range 

the  table  below. 

2m  -  20m 

20m  -  100m 

100m  -  500m 

Field 

1  5* 

1  5* 

+  5* 

Range  finding  accuracy 

0,01  X  d 

0,01  X  d 

0,01  X  d 

Velocity  measurement  accuracy 

5  mms"^ 

5  ems  ^ 

10  cma"^ 

Rate 

1  Hz 

1  Hz 

1  Hz 

The  siost  demanding  specifications  are  those  concerning  long  range  velocity  measurement  and 
close-up  range  finding. 

The  main  research  effort  is  thus  reduced  to  designing  A  telemeter  with  a  measuring  bias  of 
less  than  20  mm  and  a  resolution  of  less  than  35  msi  at  500  m. 

However«  a  number  of  additional  constraints  are  Imposed  by  the  fact  that  the  system  Is  to 
be  exclusively  used  in  space  missions.  The  levels  of  reliability  required  for  space  fllqht 
(and  particularly  for  manned  space  flight!  ace  such  that  it  would  seem  safer  not  to  equip 
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ABSTRACT 

SITPUL  System  allows  the  Individual  firing  and  tactical  instruction  of  small  units 
under  economical,  safe  and  realistic  conditions.  units, 

j  oon'^furatlon  of  the  SITPOL  system  la  an  Emitter  (Flg.l)  that  uses  a  codified 

diode  laser  beam  to  simulate  the  shooting  of  a  Weapon  and  a  Receiver  (Fig. 2)  that 
decodlfles  the  Information  when  a  laser  is  detected. 


I 


Figure  1.  Emitter  Figure  2.  Receiver 

L.  IHTRODOCTION 

The  simulation  equipment  for  the  tactical  training  of  army  units  requires  the  ability 
to  have  parallel  multi  element  comunicatlon  between  a  large  number  of  men. 

Laser  systems  have  been  known  to  have  the  required  capacity.  The  system  presented  here, 
SITPUL.  uses-  the  laser  to  send  words  like  “Kill",  "Hear  Hiss"  "Recoverd"  but  also  words 
regarding  the  identification  of  the  shooter. 

This  new  system  does  not  allow  for  suicides.  It  does  not  fire  the  laser  by  shock  waves 
thus  preventing  its  functioning  .induced  by  other  weapons  in  the  exercise.  It  is  software 
compatible  with  existing  systems  and  it  allows  the  reading  of  individual  scores  in  the 
field. 

buubb  ^ 

1 

The  emitter  has  a  configuration  that  can  be  represented  by  the  block  diagram  shown  in  (. 
the  Fig. 3  a). 
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ABSTRACT 


Energy  storage  Is  still  an  expensive  operation  In  the  sense  that  apart  from  the  store 
Itself.  It  also  Includes  components  for  collection,  transfer  and  control  of  energy  flows.  An 
Interesting  and  Important  improvement  would  be  achieved  If  the  boundary  of  the  store  allowed 
heat  transfer  between  the  energy  source  and  the  storing  material  whenever  the  temperature 
gradient  were  favourable  and  Inhibited  the  heat  losses  whenever  such  a  gradient  were 
reversed;  In  other  words,  the  walls  of  the  store  would  behave  as  thermal  rectifiers. 


In  this  work  one  presents  the  rectifying  effect  of  a  vertical  paral lelogramic  cavity  and 
its  application  to  thermal  rectifying  walls  which  could  be  used  in  thermal  stores.  The 
operation  of  such  walls  depends  on  the  enhancement  or  Inhibition  of  natural  convection  heat 
transfer.  Using  a  Mach-2ehnder  Interferometer  front  to  back  ratios  of  between  two  and  three 
have  been  measured. 


I.  IWTflODUCTlOW 


The  rectifying  effect  of  an  alr-fllled  vertical  paral lelogramic  cavity  has  been  described 
elsewhere  'The  operational  principle  of  such  a  rectifier  Is  based  on  the  enhancement  and 
InhlbltlSn  of  coSSectIve  pheSomena”  A  fluid-filled  space  Is  enclosed  between  two  plane 
nerallel  walls  OH  and  PH  distance  0  apart  and  by  two  other  parallel  surfaces  OP  and  mm 

I !!!!!  K:i:;iSrE3f Si  •  i:;  -lii!' 

Rectification  ratios  -  direction  -  of  between  t  and  8  were  measured 

fi;*r«;i?y  oi  !ipijr?:{li  iwIJ.tSirdlfference*  varym,  from  10  to  100  C  and 

angle  d  between  25*  and  45*. 


Figure  I. 


Thermal  rectifier 
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All  experimental  analysis  of  natural  convection  heat  transfer  I.,  an  open-end^d  vertlr*i 
hannel  has  been  performed,  with  either  water  or  air  In  the  channel  and  in  the  ambTenr  * 
t  !  hPatld^wA??  ^  '  channel.  Heating  conditions  ware  such  that,  one  of  the  principal  wan<i- 
the  heated  maintained  at  a  constant  uniform  temperature  (elevated  with  respp^t  to 

ambient),  while  the  other  wall  of  the  channel  was  unheated.  Temperature  distributinn  .^nd 
governing  heat  transfer  mechanisms  In  and  out  of  the  channel  were  observed  by  holographic 
Interferometry  and  dimensionless  heat  transfer  correlations  were  obtained. 


1.  INTRODUCTION 

Natural,  forced  or  mixed  convection  in  vertical  parallel>p)ate  channels  has  received 
a  fair  amount  of  attention  In  the  heat  transfer  literature,  due  to  its  Importance  In  elc'-* 
tronlr  cooling  applications.  Natural  convection  heat  transfer  from  a  single  vertical  v.^il 
luis  been  Investigated  by  manv  researchers  and  governing  heat  transfer  correlationo  t/oyr 
obtained  by  both  theoretical*  and  experimental"*^  methods.  There  also  exist  various  '•fudip** 
on  natural  convection  between  vertical  parallel-plates.  The  thermal  boundary  condltiunc 
consid»*fed  in  most  of  these  studies  are  symmetric  and  asymmetric  heating  where  both  of  the 
plates  are  heated'^ .  *’.6, j  one-sided  heating  where  one  of  the  plates  Is  h''n*pd  and 
th**  other  Is  unheated  and  adi8batlc6 . 10, 11 , 12  .  There  couldn’t  be  found  a  study  rottcernlng 
the  healing  <'ondltIon  In  which  one  of  thd  plates  la  heated  to  a  constant  uniform  *pmp»ra- 
tnr**  and  the  other  la  unheated  and  conducting. 


2.  EXPERIMENTS 


The  heated  wall  was  a  10  mm  thick  0.10x0.20  m  or  a  20  nim  thick  0.2d^x0.S00  m  aluminium 
plate  cdulpped  with  an  internal  electrical  resistance  which  could  be  supplied  witii  dir**cr 
'•'•irrerrt  through  a  nc  converter.  The  voltage  applied  and  the  current  were  mpssuted  hy  r* 
mnl timeter  and  an  ammeter  which  had  resolving  powers  of  0.01  V  and  0.01  A,  respcci Iveiv. 
llic  ambi**nt  tempoiature  was  measured  with  a  digital  quartz  thermometer  of  re.solut  i C.G^C. 
Two  1  mm  thick  0.10x0.20  m  or  0.2A*>x0.500  m  aluminium  plates  were  naed  as  unheated  plates. 
All  surfaces  of  plates  had  emlsslvities  equal  to  0.95.  Temperature  measurements  wer»*  made 
hy  fhf  ciflAi .  Aluinel  thermocouples  at  8  points  in  the  heated  plate  and  5  points  In  ‘»a<“h  of  the 
•jnhealed  plates.  Experiments  in  water  were  performed  with  the  plates  situated  in  a  water- 
filled  opert-topped  glass  tank  of  dlmersSons  0.40x0,25x0.30  m.  The  plates,  electrical  -ir'^ult 
and  measuring  devices  are  shown  In  Flg.l. 

Temperature  distribution  and  heat  transfer  mechanisms  were  visualised  with  a  holcgrnphic 
Interferometer,  using  the  real-time  technique  at  both  finite  and  infinite  fringe  width.  The 
holographic  interferometer  setup  used  in  the  experiments  is  shown  in  Fig. 2. 


2.1.  Experimental  procedure 

At  first,  experiments  were  carried  out  for  the  single  vertical  Isothermal  wall  race  by 
using  only  the  heated  plate  and  results  were  compared  with  relevant  previous  works  prep'*nt 
in  ihe  literature.  Having  thus  ensured  the  experimental  apparatus,  two  unheated  plates  were 
pl.i<«'d  parallel  to  the  heated  plate,  each  at  one  side  of  it  and  with  equal  spacing,  to  ana- 
lv*‘»*  the  parallel-plate  channel  problem. 

The  plate  height  (I.)  was  0.10  or  0.20  m  In  water  and  0.245  or  0.500  m  in  air.  The 
iu^*M  plate  spacing  (s)  was  varied  from  2  to  10  mm  in  water  and  2  to  75  mm  In  air. 

riie  temperature  difference  between  the  heated  plate  and  the  ambient  (  4T»T„-T,  )  waa  in 
the  1 ange  of  0.15  to  O'C  in  water  and  20  to  100*C  In  air. 

tn  nondimensi onal  terms,  the  Roylelgh  number  based  on  the  plate  height  (80^)  was  kept 
beiwe*»n  10^  and  10^,  where  transition  from  lamtner  to  turbulent  flow  occurs.  The  aspect 
ratio  (M)  was  varied  from  10  to  67  in  water  and  from  6.7  to  125  tn  air. 


Ra| 


g  >  AT  I.J 


M 


Ji. 

8 


g:  gravitational  acceleration 
B:  coefficient  of  thermal  expanaiun 
v:  kinematic  viscosity 
«:  thermal  dlffuslvtty 


'  952  1*^3 


Tomographic  presentation  of  temperature  profile*  in  a  convective  heat  flow 
by  high  resolution  holographic  interferometry 


O.Vuklcevli 


Institute  of  Physics  of  the  University  Zagreb 
Bijenicka  45,  YU  41000  Zagreb 


H.jSger,  T.  Neger.  «.  Philipp,  J.  Wolaetachljger 

Inatltut  fur  Experlmentatphyaik  der  Technlschen  UnlvaeaitSt  Grax, 
Petersgaase  16,  A  8010  Graz 


ABSTRACT 


these  Inveetlgatlona  ie  the  development  of  a  new  experimental  setup,  allowing 
phase  objects  by  high  resolution  holographic  Interferometry. 
With  this  setup  It  is  possible  to  obtain  tnterferograms  of  finite  width  covering  a  range  of 
view  of  155  .  The  first  tests  were  performed  on  a  stabilized  convective  heat  flow,  since  Its 
temperature  distribution  could  be  measured  with  an  MTC-detector,  providing  reference  dat.'  to 
check  the  guality  of  the  tomographic  reconstructions. 


To  obtain  highest  resolution  of  the  Interferometric  data,  the  holographic  Inter! erograms 
were  evaluated  using  the  formalism  of  the  fast  Fourier  transformation  (FFT). 

The  distributions  of  the  Index  of  refraction  were  obtained  by  two  commonly  used  tomogra¬ 
phic  reconstruction  procedures:  the  convolution  method  and  the  algebraic  reconstruction 
technigue  (ART)  showing  better  results,  especially  If  the  projection  data  are  not  completely 
covering  ISO*  of  view. 


jj.  INTRODUCTION 

On  the  problem  of  diagnosing  inhomogeneous  transparent  media  (e.g.  gas  flows,  plasma 
jets,  switching  sparks,  welding  arcs)  many  investigations  have  been  carried  out  until  now  by 
using  a  formalism  for  data  reduction  based  on  the  Abel  Inversion  technigue  assuming  rotatio¬ 
nal  symmetry  of  the  phase  object.  Unfortunately  the  experimental  conditions  fregiiently 
cannot  be  satisfactorily  adjusted  to  obtain  this  symmetry  type  with  the  reguired  accuracy. 
Only  a  small  number  of  authors  have  tried  to  modify  the  Inversion  technlgues  for  asymmetric 
phase  objects  by  different  extensions  of  the  Abel  Inversion  procedure.  On  the  other  hand  the 
X-ray  computer  tomography  in  medicine  gives  a  completely  spatial  resolution  over  360*  of 
strongly  Inhomogeneous  matter  by  applying  suited  reconstruction  techniques.  Our  Investiga¬ 
tion  should  be  understood  as  an  attempt  to  apply  the  mathematical  formalism  of  computer 
tomography  to  experimentally  obtained  optical  data,  especially  by  multidirectional  hologra¬ 
phic  Interferometry. 


2.  EXPBRIWBNTAt 
2.1  Optical  setup 

Holographic  Interferograma  of  inhomogeneous  transparent  media  (phase  objects),  which  are 
recorded  according  to  fig.  1,  do  not  provide  a  multidirectional  view  of  the  interferogram 
from  different  directlotis.  It  is  obvious  that  an  arrangement  with  a  diffusing  screen' 
(fig.  2)  must  be  chosen  as  a  basic  requirement  In  order  to  observe  phase  Inhomogeneltles  by 
interferometry  in  a  multidirectional  way.  The  Inhomogeneous  zone  -  now  being  penetrated  by 
light  scattered  from  every  point  of  the  screen  -  can  be  Investigated  by  a  single  hologram 
from  different  directions  within  a  certain  angular  range. 

The  optical  arrangement  Is  shown  In  fig.  3.  To  obtain  the  largest  possible  angle  of  view 
the  double  exposure  Interferograma  were  recorded  as  reflection  type  holograms,  allowing  the 
observation  of  a  phase  object  within  155°.  In  a  specially  designed  real  time  plate  holder  HX 
three  holographic  plates  are  facing  three  diffusing  screens. 

In  order  to  evaluate  the  phase  shift  of  the  Interferograma  using  a  Fourier  transfomatlon 
algorithm,  a  vertical  reference  fringe  system  had  to  lio  superposed.  This  was  achieved  by 
rotating  one  common  mirror  RH.  With  a  sandwich  hologram  8H’,  that  allows  to  compensate  the 
reference  fringes  by  tilting  It,  the  stability  of  the  phase  object  during  the  exposure  can 
be  checked. 

After  developement  the  holograms  were  refiosltlonod  and  the  tnterferograms  could  be 
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Th  iv  1  ,  InterferoGroas  for  these  contl,urstlons  has  cesultted  in 
the  fi  laodHiad  atlffaner  arrao^enant.  The  aodUiad  atlffanet  configuration  haa 
bean  tasted  holographically  and  found  to  result  in  considerable  reduction  in  deforeations 


imODOCTlOM 


In  spite  of  availability  of  a  variety  of  computer  packages  for  structural  analysiSs 
experliaental  methods  continue  to  play  an  Isiportant  role  in  the  analysis  and  design  of 
complejr  and  critical  stroctures/components.  This  Is  due  to  the  fact  that  many  a  time  it 
is  not  possible  to  define  adequately  the  boundary  conditions  of  the  structure  white  using 
package  programs  and  therefore  a  recourse  to  enperinental  methods  becomes  a  necessity. 
noreover«  In  some  equipments  like  condensers*  It  is  not  unusual  to  experience  large 
bending  deformations  of  various  pacts  whereas  the  analysis  is  carried  out  mostly  as  per 
small  deformation  theory.  Erpeclmental  testing  and  analysis  ace  generally  used  for 
validation  of  designs  as  also  for  ensuring  the  reliability  of  structures.  In  many  caaes 
experimental  investigations  ate  required  to  generate  data  for  optimisation  of  design. 

In  view  of  the  large  deformations  experienced  by  cover  plates*  at  times*  it  is  the 
general  practice  in  design  to  increase  the  section  thickness  and  to  provide  additional 
stiffeners.  Since  this  exercise  leads  to  an  increase  in  weight*  It  is  necessary  to 
optimise  these  aspects.  Since  the  problem  of  rational  provision  of  stiffeners  ultimately 
relies  on  the  whole  field  visualitation  and  quantitative  measurement  of  deformations* 
holographic  interferometry^*^  is  selected  to  solve  this  problem  since  this  technique  is 
best  suited  for  displacement  and  deformation  studies'^*  This  aspect  in  combination  with  the 
use  of  an  epoxy  model  to  simulate  the  condenser  cover  piste  (where  stiffeners 
configuration  can  be  changed  easilyl  makes  the  choice  of  holographic  interperfometry  most 
ideal  for  the  solution  of  the  problem. 

This  paper  presents  the  details  of  an  experementsl  study  on  the  various  stiffening 
configurations  In  cover  plates  of  the  water  boxes  of  two  pass  flow  type  of  an  industrial 
condenser  having  a  complicated  geomeltcy.  The  cover  plate  is  clamped  at  the  separator 
ppriphery  (Fig.l)  and  loaded  by  transverse  fluid  pieassure  uniformly.  It  is  highlighted 
that  the  effect  of  the  behaviour  of  the  gasket  between  the  cover  plate  and  water  box  shell 
on  the  deformations  can  be  easily  and  realistically  studied  using  holographic 
interferometry  on  a  properly  simulated  model. 


8INULATIOM  OF  STRUCTURAL  SIMILARITY 


Since  the  experimental  analysis  is  proposed  to  be  carried  out  through  investigations 
nil  a  striicturat  model  of  the  condenser  coverplate*  the  various  aspects  to  be  considered 
prior  to  the  tabcication  of  Che  model  include  i)  geometrical  site  of  the  model*  ii) 
material  to  be  used  for  the  model*  and  till  exactness  of  simulation  of  various  loads  and 
boundary  conditions  in  the  laodel . 

While  in  most  structural  analysis*  tha  simulation  aspects  do  not  pose  difficulties*  In  the 
case  of  condenser,  difficulties  arise  due  to  the  presence  of  a  gasket  between  cover  plate 
and  water  box  etructuce.  The  gasket  takes  up  part  of  the  structural  deflections  and 
rotation  during  the  operation  of  condenser.  Use  of  the  same  gasket  material  in  the  model 
as  that  of  actual  condenser  distocte  the  modeling  parameters  considerably.  Thus*  It  Is 
necessary  to  carry  out  computations  for  structural  slmulituda  in  an  iterative  manner  for 
different  geometrical  else  ratios  ss  wsll  ss  with  diffsrant  modal  gasket  matacials  until 
tha  cequiramants  of  simltsrity  are  properly  met.  The  analyala  for  obtslning  magnitudes  of 
the  various  structursl  geomstrieal  snd  strength  peremeters  ie  given  below.'*' 
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Figure  1  shows  the  general  arrangement  of  the  sandwich  holographic  interferometer. 

Information  related  to  the  object  prior  to  deformation  is  recorded  on  two  pieces  of  plates  (Fl.Bl)  on  the 
sandwich  holographic  plate  holder.  Information  on  the  object  subsequent  to  deformation  is  recorded  on  two 
other  plates  (F2,B2).  The  second  plate  from  the  first  exposure  and  the  first  plate  from  the  second  exposure 

ar®  nrOltPSSPH  anrt  <impHmno«oH  on  rtflo  anrt+'Hoii*  Ka<^«vrt  4.u-  U-IJ...  e  t  . 
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Improvement.  In  molr«-holo9r.phtc  9ratln9.  for  .tructur.I  en.ly.i. 

Frence.co  Gineeu  end  Reffaele  *o..l 

Department  of  Mechanical  Engineering.  University  of  Cagliari 
Pl«.a  d'Armi,  0912J  Cagliari,  Italy. 


abstract 


for’^lltrnrtn^.7  "ethod  of  gratings  manufacturing  on  perspex  models,  used 
if  «  **  <*e»crlbed  and  the  quality  and  efficiency 
of  grids  are  discussed.  Two  simple  appllcacloits  are  illustrated.  ^ 


1.  IHTROOUCTtOH 

The  mlr«-holographie  method  has  been  largely  used  in  experimental  siechanlcs ' .  Briefly 
it  can  be  said  that  this  method  combines  the  moire  method  with  interferometric  techniques 
baaed  on  the  wavefront  reconstruction  of  light.  A  monochromatic  plane  wavefront  crosses 
a  transparent  model  on  which  a  grid  has  been  traced.  On  reaching  the  grid,  the  light  is 
diffracted  into  different  wavefronts,  which  contain  InforsMtion  about  the  model.  These  wave- 
fronts  pass  through  a  lens  and  form  in  the  focal  plane  of  the  lens  a  diffraction  spectrum 
of  Fraunhofers 


At  thia  pointf  two  ayMmetrical  orders  are  filtered  and  their  plane  wavefronts  Interfere 
on  a  holographic  plate.  After  a  double  exposure  (before  and  after  laodel  deformation)  a  (tin* 
9e  patterny  proportional  to  u  and  v  plane  dlsplacementSB  appears.  This  method  is  very  at¬ 
tractive  because  it  qives  information  about  plane  displacements  on  the  whole  field  of  the 
examined  structure.  Despite  being  a  laboratory  technlque»  it  Is  very  easy  to  use  and  allows 
a  wide  choice  of  sensitivity  levels.  Moird-hoiography  can  also  be  used  in  real  time’  to  re¬ 
cord  dynamic  phenomena.  As  for  the  other  molr^  techniquesr  the  basic  element  for  obtaining 
accurate  measurements  is  the  grid.  Brightneaa,  precision  and  sanaltlvlty  of  fringe  pattern 
depend  on  the  grid.  M  tesnap^rent  shpir^-bolography  the  grid  is  store  important  because  the 
wavefront  crosses  the  model  and  the  graticule. 

This  paper  deals  with  the  siaiiufacture  of  a  simple  phase  grid  suitable  for  moir^  tech¬ 
nique.  The  quality  of  various  grids  is  discussed  and  two  simple  applications*  representing 
circular  discs  uniformly  loaded  out  of  plane*  ere  presented.  The  results  are  then  compared 
with  analytical  and  nuswrical  data. 

2.  CRIP  MAMtfrACTURg  AMD  ANALYSIS 


The  phase  gratings  used  in  the  present  investigation  are  well  suited  to  molr^-hologrephy 
because  they  do  not  alter  the  transparency  of  the  model.  The  grid  must  be  manufactured  fol¬ 
lowing  the  ^low  steps  t 

1.  a  grid  is  photoengravad  on  a  normal  holographic  plate  (Agfa  10E751  by  means  of  two 
laser  beams; 

2.  the  plate  is  bleached  to  obtain  a  phaae  grating  (using  a  potassium  ferricyanlde  solu¬ 
tion; 

3.  some  bond  (Acrifix  92  by  Rohm)  is  put  on  the  model  and  tha  plate  Is  pressed  onto  It. 
At  this  point  cate  must  be  taken  to  ensure  grid  lines  sre  In  the  right  sensitivity  direction; 

4.  the  model  end  piste  ace  then  exposed  to  sunlight  for  about  an  hour; 

5.  lastly,  the  plate  Is  debonded  leaving  on  the  model  surface  e  replace  of  the  grid. 

The  plete  is  very  easily  detachsd  because  the  bond  used  Is  s  viscous  solution  of  partly 
polymerized  acrylic  resin  which  does  not  adhere  to  the  gelatin  of  the  plate.  Some  steps 
of  this  manufacturing  procedure  are  Similar  to  those  used  by  Post’  for  moird-interferometry . 
But  the  aluminium  coating*  which  la  fundamental  for  Post*  is  usslsss  hare  and  can  even  im¬ 
pair  siodsl  transparency.  Different  grids  have  been  mAb  with  pitch  valuta  fyom  0.025  to 
0.0005  mm.  This  range  permits  the  study  of  virtually  all  problems  connsetsd  with  structural 
analysis.  The  highest  ssnsitlvity  Is  similar  to  that  of  holography  and  many  drawbacks  srlss 
in  experimental  set>up.  Grid  replicas  are  setiafactory  up  to  Crsquaneiss  of  TOO  and  BOO 
lines/nmi.  Above  this  value  a  spaclal  bleaching  muat  ba  uaad  to  enhanea  the  phaae  grid  of 
the  holographic  plate.  Figure  I  shows  the  brightness  profiles  of  both  models  and  platsa 
with  60*  205  and  960  llnes/mm  grid.  Theae  profiles  have  iMsn  obtslnsd  by  mssns  of  s  co^uter 
set-up.  Even  from  these  qualitative  schemes  s  good  rspcoducibility  can  be  observed. 

Ratios  between  power  intensity  of  modal  and  plats  diffraction  orders  are  reported  in 
Table  1.  As  can  be  noticed*  the  0  order  inereases  while  the  others  dserssss.  No  spnrs- 
ciable  losses  of  power  intensity  oeour  for  this  kind  of  problem. 
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A.  ettcmeyer*  H.  Rottenkolber,  J.  Schdrner 


1»  Introduction 


The  outstanding  advantage  of  holographic  interferometry  as  a  contact>free  measuring  proce¬ 
dure  is  that  it  enables  very  wide-ranging  statements  to  be  made  on  the  behaviour  of  a  com¬ 
ponent.  Measurements  are  taken  simultaneously  at  several  points  on  the  surface  of  the  object, 
and  the  result  can  be  assessed  visually.  For  a  more  precise  quantitative  analysis,  or  for 
automatic  evaluation  in  serial  testing,  however,  evaluation  by  computer  is  indispensable. 

The  theoretical  basis  for  this  was  laid  in  part  several  years  ago,  and  suitable  equipment 
in  a  variety  of  standard  forms  has  in  fact  been  available  on  the  market  for  a  number  of 
years. 

This  contribution  attemps  to  provide  an  overall  view  of  the  various  principles  by  which 
holographic  Interferograms  can  nowadays  be  evaluated,  together  with  the  areas  in  which  each 
can  best  be  applied. 


2.  Structure  of  an  Imaae-processlno  system 


In  order  to  be  able  to  process  amsges  In  a  computet,  an  Image-processing 

very  last  parts  of  such  a  system.  Is  regulred.  h  whole  range  of  systems  exist,  which  can  be 
Integrated  Into  a  normal  petaonal  computet.  They  differ  principally 

efficiency  fspeed,  memory  capacity)  and  ease  of  use.  Two  possible  versions  are  shown  in 
Fig.  1. 

A  video-camera  converts  the  recorded  laMge  Into  analogue  voltage  slgnala 
the  brlghJ^i.  of  the  pixels.  The  standard  tej^utlon  at  J?® 

rw»r  iin*  uith  rjther  fewer  lines  per  ftsmee  However,  there  ere  slso  caiserss  siresoy 
^aileble  with  a  resolution  of  4096  K  4096  pixels.  An  snsJogue  to  digital  converter  trsns- 
«is  tie  vUSo’sHial  li?S  rdlSi?.l  signal,  normally  with  a  of  8  b,^  cor«.^^- 

inai  to  256  orav  levels!.  These  digital  gray  values  can,  by  means  of  programablt  loox  up 
tables  (LUT)  have  any  other  values  required  assigned  to  them  before  thes  are 
ma^rmiii^i:  UltS  Sw'Sf  Jlch  loo2-up  tables!  the  ‘"JP*  H/mr  ' 

the  contrast  can  be  expended  and  so  on.  The  normal  sire  of  the  image  mwry  is  512  x 
pixels,  each  with  a  depth  of  8  bits.  Mote  elaborate  systems  are  equipped  with  larger  image 
memories  (e.g.  1024  x  1024  pixels,  IS  bit). 

The  computet  has  access  to  the  image  memory  via  the  hostbus.  It  can  j?"’*!'*™? 

pixels  and  carry  out  any  operation  required  on  them.  To  display  bjw  aj^O**  O" 

Sonltot  thrcontents  of  the  image  memory  are  once  egein  transformed  (if  so  desired)  by 

stores  the  pixel  or  pixels  om  completion  of  the  computation  In  the  image  memory 
This  operational  transfer  of  the  pixels  from  the  image  memory  to  the  working 

.«‘un«  Jor  the  msjor  part  of  the  time  reglr«l  for  the  processing  of  the  imege. 

The  mote  elaborates  image  processing  systems  are  therefore  egulpped  with  *  ,, 

(arithmetic  logical  unit!.  The  contents  of  the  image  memory  are  * 

i“k-IirtaSl«!  into  the  ALU.  where  they  are  subjected  to  each 
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APPLICATION  OF  COMPUTER-AIDED  EVALUATION  FOR  HOLOGRAPHIC 
VIBRATION  ANALYSIS  AND  OPTICAL  CONTOURING 


Dr.  Ing.  H.  Steinbicfiler,  Neubeuern 


1.  General 


Holographic  interferometry  ig  applied  sucessfully  in  vibration 
analysig. 

As  the  resulting  characteristic  fringe  pattern,  the  interferograms. 
are  so  complicated  and  can  only  be  evaluated  by  an  expert  eye,  there 
is  a  clear  desire  for  automated  evaluation  and  a  lucidly  arranged 
exposition.  Therefore,  the  problem  in  image  processing  in  interfero¬ 
metry  lies  in  automatically  recognizing  and  evaluating  lines,  as 
well  as  in  differentiating  the  lines  from  object  contours,  shadows, 
etc.  This  kind  of  image  processing  then  also  makes  it  possible  to 
evaluate  other,  non~holographic  line  systems.  The  application  is 
not  only  limited  to  the  automatic  evaluation  of  holographic  ihter- 
ferograms,  but  also  in  the  optical  measuring  of  the  form  any  kind 
of  objects  using  contour  lines  projected  onto  them,  in  the  evaluation 
of  speckle  and  photoelasticitlc  diagrams  and  Moird  diagrams. 


2.  Principle 


The  process  of  evaluation  is  based  on  a  phase-shift  technique  of 
DAndliker  (1).  It  was  developed  with  the  financial  support  of  the 
BMFT  and  in  cooperation  with  M.A.N.  Technology  Ltd. 

A  minimum  of  3  images  with  a  defined  phase-shift  are  fed  into  the 
computer  with  a  video  camera  (fig.  1).  The  evaluation  is  hereby 
traced  back  to  a  measurement  of  three  times  the  intensity  which 
can  be  carried  out  simply  and  with  great  accuracy  using  optoelec¬ 
tronic  sensors.  The  result  is  a  graphic,  perfectly  sketched  and 
highly  accurate  representation  of  the  line  formation  in  the  form 
of  tables,  fake  colour  graphics  and  isometric  plots. 
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DIGITAL  PHASE  STEPPING  SPECKLE  INTBKFEROMBTRy 

AJiM.  MAAS  «Ml  UA.  VROOMAN 

Faeuliyef  Applied  AkyOa,  Defi  VnlmatyafTeelmolog/,  Lorentmet  1, 
PjO.  Box  5046, 2600  GA  Detfl,  The  Netherlands 


ABSTBACT 

A  digiul  ipecUe  Irnetferametrie  leebniqne  for  defomuuion  measuiemeni  nstatg  phate  ttepping  and  image  processing  is 
ptesemed.  The  object  displacemeau  on  a  256*256  grid  are  caleulaied  by  subiiacdng  the  phases  of  the  speckle  field  before 
and  after  deformation.  Accurate  phase  measurement  b  achieved  by  using  leference  beam  phase  stepping  and  digitiiing  five 
imerferogtams  to  cafeulaie  the  phase  fat  each  detector  point.  Application  t>f  image  processing  techniques,  for  faistance  aen 
phase-unwrapping  atgoriihms,  allow  tneasntement  of  displacmnents  as  small  as  I  nm  and  up  to  10  000  nm.  Results  of 
tneatatemenb  of  out-of-plane  deformation  of  a  chcalar  metal  pbie  ate  shown. 

1.  INTRODUCnON 

In  comnst  with  electronic  specUe  pattern  inierferomehy  (ESPI),  digital  phase  stepping  speckle  interferometric 
techmqnesdoaotprodncefiringepatienisfioffl  wMch  the  phase  ch^e  can  be  extracted  by  finding  the  Ainge  extrema.  Use 
of  a  reference  beam  phase  stepping  technique  and  digitixing  the  inlerfetopains  allow  the  calcnbiion  of  the  phase  modulo  2a 
radians  in  each  detector  paim  fl].  Because  of  the  random  jdiase  disiribui^  in  a  qtecfcle  field,  the  calcidated  phase  values  ate 
only  meaningful  if  they  ate  compared  to  the  result  of  a  phase  measurement  of  the  same  object  before  defonnation. 
Snbtracting  the  two  plMK  measutenienu  i^ves  a  measure  of  the  object  deformatkm  fat  the  direction  of  the  sensitivity  vector 
for  each  o^ectpoiM. 

biherent  to  digital  phase  stepping  specUe  inietferometry  b  lots  of  accuracy  fat  points  with  low  modubiion  (dark  object 
speckles)  and  saturated  points  (bright  qiedcles).  Digital  detection  and  marking  of  these  points  (2)  enables  the  icpiaceinem  of 
the  meamed  phase  value  at  those  points  by  tint  of  a  non-maiked  neighbour.  Anothw  problem  involves  decorrebiton  of  the 
speckle  fields  before  and  after  defoiniaiion  of  the  object  Thb  pbenomenon  sets  a  tbeoveifcal  upper  Ihnh  lo  the  diffetcnce  in 
phase  change  (e.g.  caused  by  abject  till)  between  two  pixeb  (detector  ebmenB)  that  can  be  detected  (3).  A  convenietH 
choice  in  practice  is  seuing  the  speckle  size  equal  to  die  pixel  size,  resulting  in  a  theoretical  upper  limit  of 
2x  radians  /  pixel.  In  our  present  experimental  set-up  the  tipper  Hmil  b  0  Jn  radians  /  pixel  caused  by  other  restriciioas. 
The  repeaiibiliiy  of  the  measured  phase  at  each  pixel  b  set  Iqr  environmental  condhiotis,  stability  of  the  laser  source, 
accuracy  of  the  phase  stepping  and  accuracy  of  the  digidzadoo  of  the  intetferogramt.  Preaently  the  lepeadbility  b  circa 
O.OTx  radians. 


2^  (gnCAL  SET-UP  AND  (XIMPUTBR  SYSTEM 

The  experimeotti  set-up  (Fig.  I)  consitis  of  a  convendonal  speckle  interferometer  coupled  u>  a  microcomputer  system 
for  digitizing  the  interferoprams,  controlling  a  mirror  pMition  in  the  optical  set-up  and  measuring  various  parameters.  An 
Argon  hm  liter  b  used  with  an  output  power  of  approximately  1  W.  A  Hamamatsu  video  camera  coupled  to  a  Daiscube 
ftamegiabber  b  used  to  tBgiite  the  inseifqogiams  to  256*256  images  with  8  bh  pixels.  Phase  stepping  is  achbved  using  a 
reference  beam  mhrormoonied  on  a  BnrMghpieao-elearicoansI^  controlled  by  the  computer  system.  The  object  used 
for  studying  the  characierbiics  of  the  set-up  b  a  circular  metal  pbte  with  a  diameter  of  O.i  m.  The  load  esuMishing  the 
object  deformation  b  set  by  a  computer  eontrolled  electromagnm  and  characterized  by  digitizing  the  current  through  the 
magnet  coS.  The  use  of  an  Image  processing  software  package  enabiea  a  variety  of  filters,  transformations  and  arithmelict 
to  be  executed  on  the  digilbed  imetfeiogtams. 

3.-PHASB  MEASURING  ALGORITHM  AND  IMAGE  PRCXTESSINO 
The  intensity  dbatibnlion  of  an  htterferogram  generated  by  a  phase  stepping  speckblmerfetomeier  equals 

IKx.y)-lb(xj')*Im(x.y)c<»(4i(x,y)4  6(x,y)4^i*66),  (1) 

where  In  b  the  background  hitensiiy,  Im  the  modulation  amplitude,  6a  dte  random  Rieckle  phase,  6  the  phase  difference 


MICROVISION  DYNAMIQUE  ASSISTEE 
PAR  HOLOGRAPHIE  ET  ORDINATEUR 
APPLICATIONS  A  LA  MECANIQUE 

P.  BURGER  -  M.  OELEPIERE  • 

P.  MEYRUJES  -  J.  HAV«YSZK«W  *** 


R4sum4: 

Nous  prisenlons  les  m^lhodes  et  un  systtme  permettanl  <Je  votr  et 
de  comprendre  certafnes  des  caractirlstfques  micanlques  de  places  en 
uUHsant  les  possfbUlWs  conjolntes  de  I’HoJographle  automatlque  i 
d^veloppement  (nstantan<,  du  traftement  nom^rlque  if  Image  par  un  Jogicfel 
sp^cfalement  d^veloppd  pour  IHoIographfe.  et  de  la  synlWse  (flmage.  Get 
ensemble  commercialism  par  la  socimtm  MICRAUDEL  permct  un 
accrolssement  tris  Important  du  potentiel  '(jualltm'  de  ceux  qui  futlllsent. 


1  -  Introduction 


ParmI  les  rnmthodes  de  contrdle  non-dcstnicllfs,  celle 
(Tlnterfmrommtrle  nolographlque  est  certalncment  la  plus  complete,  la^us 
fine  et  adaptme  i  tous  types  de  matmriaw.  aclers,  plastiques,  fibres 
composites,  bols,  cawtctwuc.  etc ....  et  i  tous  types  de  contraintes  ou 
microdeplacements,  statfques  ou  dynamiques. 

L’lnformatfon  sur  le  phenomene  analyse  se  presente  sous  la  forme 
(fun  reseau  de  franges  macroscoploues  clalres  et  sombres  reparti  sur  la 
piece  tcstee.  Linterpretatlon  de  ces  franges  permet  de  locallser  les 
defauts  de  surface  et  Internes  de  la  piece,  et  de  dormer  un  schema  global  de 
sa  deformee  On  peut  attelndre  des  precisions  de  I'odre  de  1/2  micron  a 
l/iooedemicroa 


*»  HICRAUOEL  93,  rue  Adelshof fen  67300  Schlltighelm  (F) 
tei:  80-83-75-76. 

•«»ENSPS  Strasbourg  (F) 


I 


V52  103 


Modular  Holnora^hY 
for  U«a  In  Induarry 

A.  8tten»y«r,  J.  SehOrnor,  M.  Rott.nkolber,  E.  Obetmeler 


■  Abstract 


with  the  apprexlawta  dlaieneione  ol  a  telavlaloe^eMn  wodul^ 

^  tha*oblMti  'Th^^  h”!*  ?*'**?y  •*J**'“‘*»  «“  e«2?ta  of  mvenints 

ssswrd!:r£sSI;“~ 

S  E';!'!;  “S  «“• 

Inj  head  1«  transmitted  directly  by  means  of  a  television  camera  to  the  computer-analvaer 

•y*^!!?**'*  «nd  preaented  In  user-frlandly  form.  An  exai^e  from  Industry 
Iw  tafcen  to  demonstrate  the  use  of  the  modular  holography  system.  ' 
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1.  Summary 


1.  Introduction 

Today,  holographic  Interferometry  Is  successfully  employed  In  many  branches  of  Industty  as 
a  powerful  measuring  procedure.  Hevertheless,  It  remains  sn  extremely  laborious,  expensive 
and  time-consuming  process,  and  as  a  result,  its  use  is  limited  mainly  to  large  concerns. 
In  an  effort  to  reduce  these  obstacles,  Rottenkolbet  Holo-System  GmbH  of  Kirchhelm,  neat 
Munich,  has  developed,  with  financial  support  from  the  German  Federal  Research  and  Tech¬ 
nology  Ministry,  a  system  of  holography  which  circumvents  the  problems. 


Up  to  now,  the  following  problems  have  stood  in  the  way  of  the  widespread  use  of  holo¬ 
graphy! 

1.  The  sensitivity  of  holography  lasers  to  shock,  dust,  dirt  etc.  have  allowed  their  use 
only  under  specific  environmental  conditions. 


il.t  'T 
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Some  new  techniques  with  Digital  Speckle  I’ottern  Interferoinutry  (l)Kl'l  I 

R.S.  Sirohl,  A.R.  Ganosan,  and  M.P.  Kolhiyiil 

Department  of  .Physics,  Inillan  Institute  el  Tochnningy 
Madras  600  036,  India 


/  ABSTRACT 

j 

Digital  Speckle  Pattern  Interferometry  IDSPI)  is  presented  ns  a  rnnl-lliiK^  Iciclinliim 
for  a  number  el  applications  such  as  maasurenont  ol  small  displacniiionis,  dlsplni.eiiii'iil  ilert 
vatives,  contouring,  and  non-destructive  tasting.  The  Implemenlat  Inn  el  DSI’I  nn  n 
commercially  available  Image  processing  system  Is  described.  A  motliod  of  fi-lnge  shni-pnnini 
in  OSPI  Is  also  presented. 


1.  IHTRODUCTIOW 


I 


Speckle  Interferometry  la  a  useful  tool  for  the  measurement  el  smnll  diNpliiciuiienis 
displacement  derivatives,  vibration  analysis,  shape  measurements,  nun-dnst  iin:  1 1  vn  Irslliii 
IMDT)  etc^"'’.  It  involves  the  use  of  a  photographic  plate  to  make  a  double  o.\)in!iiirn  i-ncnrc 
of  the  object  before  and  after  the  dlaplacement/deformatlon.  The  Infnimal Inn,  which  I: 
a  fringe  pattern.  Is  extracted  by  filtering  the  speck legrnm. 

Speckle  interferometry  can  also  be  performed  with  electronic  dolocllon.  This  wiis  firs' 
^Vmoiist rated  by  llutters  and  teendertz^.  The  video  processing  nf  llie  signol  can  hr  lists 
o  gcnoi-ato  correlation  fringes  which  are  equivalent  lo  Ihoso  produced  hy^  phulngriiphii 
processing.  This  Is  termed  as  Electronic  Speckle  Pat  tern  Intorferometry  IPSPlj'.  In  convnn 
tlonal  ESPI.  an  image  of  the  object  illuminated  with  a  laser  beam,  logelhor  wltli  a  ii!f(!ri!m 

beam,  is  slorod  on  a  video  store  (video  tape  recorder,  disc  or  solid  sliili'  slorol,  rio 

subsc(|uunt  frames  are  then  subtracted  electrnnlcal  ly  from  this  stniud  ref  iJioncr  I  r.imr  oii< 
displayed  on  a  TV  monitor.  If  the  object  Is  now  deformed,  fringes  can  he  ceeii  on  lln 
aionitor  In  roal-tlme,  which  are  contours  of  cnnslanl  dlsplacemnnl .  To  oiihnni.e  Ihr  I  ring' 
conirast.  Iho  difforenco  signal  Is  oloctronical  ly  processed  In  a  iion-llneai  lashion,  le 
high  pass  flltoring.  full  wave  rec 1 1  flcal ion  and  squaring  of  Iho  vliinn  signal  horore  I' 
reaches  Ihe  monitor.  ESPI  overcomes  the  two  stage  process  ol  recording  and  llllorliii 

encountered  In  speckle  interferometry.  The  major  feature  of  E.SPI  Is  Its  ahlllly  •<>  dlspla' 

Ihe  correlation  fringea  In  real-time  but  It  lacks  In  resolution  duo  lo  Iho  I  Iml  tod  resolu 1 1  ( 
of  Iho  detector.  Hence  the  speckle  size  st  Iho  Image  plane  has  lo  be  adjoslod  lo  wllhli 
Ihe  rosolullon  of  the  detector  which  necessitates  the  use  of  smell  apertures  of  the  ordei 
ol  F/40  or  K/32.  Some  of  the  recent  developments  in  ESPI  have  been  i-evlowed  h\  Tyrol'' 


In  Digital  Speckle  Pattern  Inlerferomelry  (DSIM),  the  speckle  pallorn  data  .ire  processo' 
using  digital  Image  processing  techniques  and  a  host  computer^.  The  niiiilng  video  signs' 
from  the  TV  camera  Is  digitized  and  stored  digitally.  As  Ihe  dale  Is  In  a  digital  form 
^«e  have  more  fJexiblllly  In  handling  the  data  by  Interfacing  a  host  coiupulor.  The  processei 
(  hla  is  sent  to  the  monitor  after  conversion  to  analog  signal.  In  tlSPI,  fringes  cnn  b' 

observed  oven  if  the  speckles  are  not  resolved  by  the  deleclorf.  A  rcconi  work  inukes  iisi 
a  Helicon  100  x  100  diode  array  Instead  of  a  TV  camera^.  Althougli  ESPI  Is  n  real-tlni< 
jchnique,  the  existing  works  on  USPI  make  use  of  double-exposure  mutbod.  in  this  popoi 
we  deaionstrato  Iho  use  of  DSPI  as  a  resl-ltme  technique.  Several  new  iei:hii|i|iies  duvelupci 
with  our  DSPI  system  are  described  using  both  double-exposure  and  real-time  prnccsatng. 


3.  SYSTEM  DESCRIPTION 

The  DSPI  la  Implemented  on  a  system  which  consists  ol  a  commercially  nv.-ii  lalil  e '  Intnllec  i 
100'  digital  image  processing  ayalem  Interfaced  to  a  PDP-11/23  plus  micro  cempulei'.  Tin 
fromostoro  Is  a  512  x  512  x  6  liM  ainniory,  which  uienus  llinl  the  plciiirii  Is  nmdn  up  nl 
512  X  512  pixels  and  Ihe  intensity  at  each  pixel  Is  quant  Izod  lu  2511  grey  levels.  I'lgurii  I 
shows  the  schematic  of  the  digital  speckle  pattern  Inlorferometer  based  on  a  speckled 
reference  beam,  along  with  the  layout  of  Iho  Image  processing  syaleni.  A  Is  Ihe  InsI  uh|ni:l 
and  0  la  a  diffuse  reference  surface.  They  are  lllumin.ited  by  e  7  mW  lle-Ne  lesci 
(X  ‘  0,6328  Mm)  and  Imaged  on  to  the  face  plate  of  a  'I.INIC'  v;dou  cnmnra, which  Is  i:uniieclui 

lo  Ihe  image  processor. 


-  ■•'li*;.-  ''' 
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Due  to  environiventa 1  atresees  like  weathering  and  pollution  the  deterioration  of 
hiatoricaJly  valuable  amnuaienta  increases.  A  compact  and  mobile  ESPI  system  Is  conf iguraLed 
and  described,  which  allows  the  investigation  of  deformations  in  stones  and  w.tlls  in  Httn. 

A  first  steasurement  directly  at  a  wall  is  presented. 

IMTROOOCTIOW 

As  a  result  of  environsMntal  stresses  like  weathering  and  air  f>ol lotion  the  Jetet (ora¬ 
tion  of  human  cultural  heritage  such  as  buildings,  churches  and  monuments  of  natural 
stones,  mural  paintings  etc.  grows  permanently.  These  damages  are  very  alarming  due  to  th«- 
fact  that  the  monuments  and  works  of  art  represent  irretrievable  treasures  of  aitistical 
and  historical  cultural  originality.  They  are  in  extreme  danger  since  the  cont i niuMis I y 
changing  conditions  of  moisture,  temperature,  and  prenaurc  act  in  combination  with 
lion  influences  like  SO,,  NO..  Co,  etc.  This  leads  to  chemical  and  physical  proccKHcs  that 
pl«*duce  shearing  forces  in  the  heterogeneous  stone  material.  The  grc.il  numbei  of  «.nvitou- 
mental  stress  cycles  may  finally  be  responsible  for  the  genesis  of  i»reve»mhl.»  tlam«uoK 
surh  as  cracks  or  fracture.  Such  damages,  for  example,  can  Im*  seen  in  fig.  * 


Figure  1.  Damages  like  cracks  and  spalled  regions 
at  a  Christ  statue  in  Oberplaichhelm,  southern  part 
of  FRO.  fPtiotograph  by  IRACIf  Steinkonservierung, 

Remschead,  ‘FROI. 

The  investigation  of  the  deterioration  processes  is  of  great  importance  to  develop  8iiit> 
able  methods  of  preservation  and  protection  to  prevent  further  det*ay.  To  study  the  dynamics 
of  stone  deformat  ion  electronic  speckle  pattern  Interferometry  is  a  dist ingui shed  real-lime 
method  which  allows  non-destructive  aseasurement  s  in  the  <>rd**r  of  magnitude  of  on»>  w.ivr- 
length  of  the  illuminating  light  used. 

2,  yRIRCIPAb  COHP^qURATIOW  FOR  OgFORHATtOW  HEASPREHElfrs  RY  ESPI 

Mhsn  the  rough  surface  of  a  natural  stone  sample  is  a  1  liiiHanatud  coherently,  a  siKM-klod 
im.i«jc  is  formed,  which  is  charactsrlst  ic  of  this  surface.  Deformation  of  I  he  surface  •  aiiHcs 
an  .u:t;ording  shift  of  this  pattern.  To  measure  changes  of  I  hr;  «>rdt»r  i»f  one  wavflei«|i  h 
<|uirt*s  the  su|>erpositlon  of  a  reference  wave  for  out -<if-pl.«ne  <1  i splac<*mf.'nt s  or  the  <»h>‘  of 
two  1 1  luminat  in<i  wavufronis  for  ln-plan«  displacement  s*  .  The  rfrsulttri«i  irdcnHity  p.«M«*rii 
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ABflyHACt 


Tha  laaar  holography  and  B8PI  tachnlguaa  ara  uaad  for  dlractly  neaaurlng  cruatal 
I  '  daforaatlon  in  taroa  of  frlnga  diaplacananta  In  tha  Intarference  pattern.  These  techniques 
will  ba  useful  to  predict  occurrences  of  destructive  earthquakes. 

1.  mwODUCTlOW 


Since  shallow  aarthquakaa  are  >ost  probably  due  to  audden  release  of  strain  energy 
accuuulatad  secularly  in  the  Barth's  crust,  continuous  neasureaents  of  strain  accueulation 
in  aalaalcally  active  regions  are  essential ly  Inportant  for  the  earthquake  prediction.  Over 
tha  last  half  a  century,  the  geophysical  stratneeters  so  called  extenaoeeters  have  been 
widely  used  for  aeasurlng  attain  changes  caused  by  tectonic  and  tidal  forces  and  aelseic 
origins.  Now,  we  attaaqit  to  apply  tha  techniques  of  holographic  Interferouatry  and  BSPI 
(electronic  speckle  pattern  IntarfarosMtryl  to  ueasure  the  crustal  deforeatlon 
quantitatively  for  the  purpose  of  the  earthquake  prediction  in  Japan  and  studying  tha 
related  geophysical  soblacts. 

The  conventional  estansoaetar.  In  which  a  length  of  solid  rod  la  used  to  aMasure  tha 
relative  dlsplacasMnt  between  two  piers  fixed  Into  the  bedrock,  can  detect  only  one 
couponant  of  tha  Barth's  aiotlon,  l.a.  a  linear  strain  between  two  points.  On  the  contrary, 
the  use  of  holographic  Interferouatry  or  BSPI  baa  the  nerlt  of  detecting  two-  or  three- 
dlaanalonal  strains  slnultaneously ,  of  the  order  of  the  wavelength  of  the  laser  llgl I . 
Moreover,  these  Methods  allow  us  to  ueasure  a  snail  strain  directly  without  contacting  L.  • 
object.  The  advantage  of  this  Is  to  ba  free  fron  sona  of  probleus  inherent  In  •  the 
conventional  extenaonetars  using  solid  naterlals  such  as  the  fused  quartz  tube  or  tha 
super-invar  bar.  In  these  cases,  it  has  bean  necessary  to  consider  tha  effects  fron  the 
.  frictional  forces  between  the  solid  naterlals  and  their  supports  as  well  as  tha  defornatlon 
of  tha  SMterlals  thansalvea. 


In  tha  geophysical  aclancas,  the  laser  holographic  Intarferance  technique  has  been 
successfully  usad  for  neaaurlng  rock  dafornations  In  laboratory  experinents.  i.t  It  is, 
howavar,  difficult  under  ordinary  clrcunatancos  to  obtain  a  hologran  of  a  large  object  of 
“1  envlronnental  perturbations  caused  by  stnospherlc  changes  and 
artificial  noise.  Thus,  strain  neasuranents  with  holographic  Interferonetry  have  been 
connonly  carried  out  using  snail  objects  which  have  a  dlnenslon  of  10  cn  or  so.  In  order  to 
<»arcone  this  difficulty,  wo  Installed  a  holographic  recording  systen  in  a  deep  tunnel 
where  tha  tenperature  change  was  negligibly  snail  and  artificial  noise  did  not  exist.  If  an 
adequate  laser  source  la  provided  for  tha  systen,  holograns  of  large  objects  of  nore  than 
I  n  could  ba  obtained  under  tha  sane  conditions.  Moreover,  tha  tunnel  wall  Itsalf  la 

holographic  Intorforonetry.  Thus,  the  tunnel  defornatlon 
thi  Inti’^f  loroea  can  ba  doteotod  by  analyzing  the  frlnga  dlsplacanent  of 


2t  HOLOqphmiC  RKWKDIMO 

recording  syaten  consisting  of  a  SO  UH  Ha-Ne  laser  and 
Installed  in  the  observation  tunnel  at  the  Anagase  Crustal 
V 1 1 «-T"ers°**wsrs*lnsts  1 1  !d°s^  JAPjn,  In  which  the  various  types  of  strainnetsrs  and 
y  And  continuous  naaauransnts  of  crustal  dafornations  using  these 

«»••"  carried  out  alnce  19*7.  «  ks  shown  in  Pig.  1,  tha 
**"PA*'  ®*  IfJO  •  Aid  A  gradient  of  1/1100.  The  section  of  the 
S»t!l  •  J**"®**'  About  (  n.  The  laser  holographic  recording 

!  Inotallad  at  IJO  n  fron  tha  antranca  of  tha  tunnel  and  110  n  below  the  surface. 
The  annual  variation  of  tanparatura  at  that  poaltlon  is  about  0.2  *0  and  Its  dally 
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ABSTRACT 

Pulsed  laeer  BSPI  providee  a  non-<ontact  method  of  in-plane  atrain  meaenremenl  on  rotating  componenta. 
Bngineering  problema  over  a  wide  range  of  apeeda  up  to  12,600  r.p.m.  and  tangential  velocity  of  150  mw* 
may  be  analyeed.  Illumination  via  optical  fibrea  removea  the  problem  of  componenta  with  limited  optical 
acceea. 


L  INTRODUCTION 

The  BSPI  technique  pioneered  at  Loughborough  Unlvaraliy  ^  for  in-plane  dlaplacement  meaauremenl  on 
atatic  componenta  hea  now  become  an  eaiabllehed  technique  for  the  meeauremenl  of  component  deformation. 
Significant  developmenta  have  extended  lie  application  to  out-of-plane  and  in-plane  diaplacemenla  under 
dynaaiic  condilione.  The  development  of  the  technique  for  the  analysia  of  in-plene  diaplacemenla  on 
rotating  componenta  haa  been  carried  out  at  The  City  Univereity. 

/-S 

The  narrow  putae  width  of  20  na  for  the  puloed  laser  freeaea  the  component  aiotion.  Two  beam  oblique 
illumination  of  the  component  aurface  givee  a  diaplacemenl  eenaltlvity  direction  in  the  plane  of  the 
illuminating  beame.  Clear  high  contraal  interference  fringe  patterns  may  be  achieved  ualng  high  reeoluUon 
TV  equipoient  and  electronic  subtraction  of  the  apechle  images  of  the  component  surface.  Providing  an 
initiel  state  speckle  iaiage  may  be  recorded  and  subsequent  live  load  images  are  available  eubtraclion  fringes 
Biay  be  produced  over  a  very  wide  range  of  component  apeede.  Conventional  optica  give  a  eetiafaclory  area 
of  fringe  information  up  to  component  epeeda  of  5,000  r.p.m.  and  tangential  velocities  of  60  ma~^,  and  the 
^  use  of  twin  cylindrical  mirrors  have  extended  this  to  aiore  than  150  ma"*. 

The  introduction  of  a  high  resolution  TV  system  eenaiUve  to  low  light  levels  Improves  generel  fringe 
quality  and  contraal.  Where  previouely  all  component  aurfacee  wore  painted  with  matt  white  paint,  now 
simple  machined  aurfacee  ere  found  to  acatter  sufficient  tight  towards  the  camera.  This  widens  the  range 
of  application  to  compor  nta  where  painting  the  surface  is  not  possible.  Tesla  on  automobile  brake  disc 
components  gave  eatiafa«.lory  fringe  pelterne.  Use  of  a  macro-xoum  lens  also  shows  that  the  ayatum 
dieploys  significant  depth  of  focus  so  that  non-plane  components  may  be  included. 

Preliminary  tests  using  fibre  optics  have  been  carried  out  to  Baeeae  the  poeeIbHIty  of  tliiir  use  in 
regions  of  limited  optical  access.  Although  the  uae  of  pulsed  laeers  in  conjunction  with  fibrw  optica  aiay 
raueo  fibre  damage  previous  experience  haa  shown  that  only  a  email  proportion  of  the  expanded  laser  output 
is  actually  utilised  in  illuminating  the  component  area  of  intereet.  Numerous  ellernativee  in  the  uae  of  fibre 
optica  Biey  be  possible  including  fibre  optic  arrays  over  large  ereae  of  interest  or  greater  location  precision 
in  illuminating  smell  areas  of  interest  by  single  fibres  or  the  uae  of  di^b  leeera  in  place  of  the  pulsed 
■^or.  ^ 


BLBCTROWICS  BQUIPMBWT 

The  uae  of  pulsed  lasers  for  the  anolyele  of  dynamic  problems  requlrea  the  precision  triggering  of  the 
taaer  Q-switch  to  give  the  correct  regiater  of  the  two  speckle  Imagee  of  the  component  aurface  for 
subtraction  to  achieve  good  interference  fringe  pelterne  end  avoid  decorolletion.  The  triggering  syetem 
already  reported  ^  operoles  aucceeafully  over  e  wide  range  of  component  apeede  although  some  aiodificatione 
are  anllcipeted  to  suit  particular  applications. 

The  high  resolution  TV  equipoMnt  currently  In  use  gives  Improved  contrast  interference  fringe  pelterne 
for  c^omponente  painted  with  matt  white  paint  and  allows  aaiiafoctory  patterns  to  be  recorded  from  untreated 
machiriiMl  surfecea.  The  application  of  ^bre  optica  In  the  system  would  require  no  major  change  to  laser 
triggi.  ur  TV  camera  apart  from  the  provision  of  fibre  or  boreecope  for  image  retrieval  through 
component  caalnga  or  In  regions  of  restricted  acceea. 


The  conventional  plane  mirror  optica,  Figure  I,  and  more  recently  the  twin  cylindrical  mirror  eyalem. 
Figure  2,  haa  extended  the  possible  epeed  range  of  application  of  pulsed  BSPI.  Componenta  rotating  at 
spoeda  in  excess  of  12,500  r.p.m.  and  tangential  vetoettiea  of  150  me**  yield  clear  interference  pallerna,  which 
is  far  beyond  the  originel  auggeated  limiUlion  of  2  me**  3.  This  is  medu  posefble  by  the  introduclion  of  the 
twin  cylindrical  mirror  system  ^  which  provides  radiel  illumiiiatiori  of  the  component  ami  Iteiicc  rudiol 
eeneillvlty  throughout.  This  removea  the  aenalUvIty  to  components  of  tangential  velocity  parullol  to  the 
component  diameter,  causing  fringe  "blurring  out"  at  velocilles  above  5  ma  **  for  the  plane  mirror 
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ABSTBAd 

ESPI  la  an  eatabllahed  analyala  technique,  offering  the  beneflta  of  non-contact,  ful 
field  reeolutlon  and  real-tlae  obaervatlon.  It  haa  prevloualy  been  ueed  In  aai 
appllcatlona  for  analyala  of  out-of -plane  vlbrattona  and  In-plane  atralne.  In  thla  pap 
It  la  ahoun  that  a  conblnatlon  of  out-of-plane  and  In-plane  aenaltlve  BSPI  arrangeaenta  c 
be  ueed  to  aeaaure  the  vibration  aaplltude  of  an  object  In  three  Independent  orthogon 
coBPonenta.  Theae  reaulta  can  then  eaally  be  Interpreted  to  determine  the  full  thre- 
dlaenalonal  node  ahape.  The  aethod  la  deaonatrated  by  obeervlng  voluae  vlbrntlona  of 
thick  hollow  cylinder.  Bxperlaental  reaulta  are  coapared  with  finite  element  prediction 
enabling  the  aode  ahapea  to  be  eaally  Identified  and  analyaed. 


Aa  engineering  atructurea  become  more  complex  and  their  dealgn  epeclf Icatlone  beco 
Bore  atrlngent,  there  la  an  Increaalng  need  for  detailed  knowledge  of  their  vlbratl 
behaviour.  Hence  there  la  a  need  for  aore  aophletlcated  analyala  technlquea,  yleldl- 
complete  Information  eaally  and  accurately.  Work  la  currently  being  carried  out 
Loughborough  Unlveralty,  In  collaboration  with  Induatry,  to  develop  a  comprehenel 
vibration  analyala  package  coablnlng  three  technlquea;  Finite  Element  Modelling  (FEH 
nodal  analyala  by  acceleroaetera ,  and  Electronic  Speckle  Pattern  Interferometry  (ESP! 
Part  of  thla  work  haa  been  concerned  with  developing  ESP!  to  obeerve  and  meastire  the  fu 
three-dlaenalonal  vibration  aodea  of  a  atructure.  Thla  paper  siiamarlsee  the  reaulta 
far.  and  dlacuaaea  the  potential  for  future  analyala  ayatema. 

Moat  experlaental  vibration  analyala  aethoda  only  aeaaure  notion  In  one  dlrectlo 
Strain  gaugea  aeaaure  one  component  of  In-plane  atraln,  but  acre  often  out-of-pla 
(tranaverae)  vlbratlona  are  aeaaured.  Thla  can  eaally  be  achieved  ualng  convention 
acceleroaetera,  or  optical  aethoda  euch  aa  holographic  Interferometry  (HI)  or  ESPI.  The 
technlquea  have  been  uaed  In  aany  Induatrlal  appllcatlona,  examplea  being  the  obeervatl 
of  reaonant  aodea  In  turbine  bladea*  and  In  automotive  engine  blockat.  When  conalderl 
the  lower  order  reaonant  aodea  of  thin  aectlona,  thla  la  often  aufflclent  to  ful 
characterlae  the  aode  ahape.  However  at  higher  frequenclea  and  In  more  complex  object 
aodea  occur  which  Involve  In-plane  (lateral)  coaponenta.  euch  aa  torelonal  or  atretchl 
aodea.  Structuree  with  thick  aectlona  or  Irregular  aurfacea  nay  exhibit  coablnatlona 
In-plane  and  out-of-plane  vibration  oven  at  relatively  low  frequenclea.  whllat  oth 
Coaponenta  euch  aa  eonlc  reaonatore  nay  be  epeclf leal ly  dealgned  to  have  reaonant  mod 
which  are  predoainantly  In-plane  on  aoae  aurfacea.  In  theae  altuatlona  It  la  neceaeary 
be  able  to  aeaaure  the  vibration  In  three  dlaenalona  In  order  to  gain  a  full  underatandl 
of  the  mode  ahape. 

One  method  of  aeaaurlng  three-dlaenalonal  vlbratlona  la  to  uae  triaxlal  accelerometer 
however,  thla  aethod  haa  aeveral  dlaadvantagea.  An  accelerometer  can  only  aeaeu 

vibration  at  a  point,  ao  to  obtain  the  node  ahape  of  a  atructure  readlnge  auet  be  taken 
a  grid  of  polnta  acroaa  the  aurface.  Aa  frequency  Inoreaaea  the  dlatance  between  nodal  a 
antlnodal  reglona  decreaaea,  neoeealtatlng  the  uae  of  a  finer  grid  to  enaure  adequa 

reeolutlon.  For  large  atructurea  or  complex  aodea  the  nuaber  of  altea  required  can  eaal 

be  In  exceaa  of  100.  Conaequently  the  time  needed  to  take  all  the  readlnga  can 
conalderable ,  for  example,  typically  three  aontha  for  full  analyala  of  an  engine  bloc 
Alao,  the  added  naaa  of  the  aooeleroaeter  la  bound  to  affect  the  vibration  characterlatl 
of., .the  object,  and  In  aoae  altuatlona  thla  can  be  algnlflcant.  Finally,  eurfa 

acceleratlona  at  ultraaonlc  frequenclea  are  extreaely  high  (upwarda  of  1000  g),  and  th 

can  aake  attachaent  of  acceleroaetera  difficult. 

Optical  technlquea  can  be  ueed  to  overcome  aoae  of  theae  probleae,  one  of  the  bett 
known  being  holographic  Interferoaetry  (HI).  Thla  haa  the  advantagee  of  being  no 

contacting,  ao  that  the  object  vibration  la  not  affected,  and  of  giving  Information  over 
entire  aurface  In  one  view.  The  Information  la  In  the  fora  of  bright  and  dark  frlng 
auperlapoaed  on  the  Image  of  the  teat  object,  which  correapond  to  contoure  of  conata 
••P^^^ude  coaponenta  reaolved  along  a  elngle  aeneltlvlty  vector.  The  vector  general 
glvea  aeneltlvlty  to  a  coablnation  of  In-plane  and  out-of-plane  coaponenta,  but  It  la  n 
Poealble  to  obtain  three  autually  perpendicular  vectore  for  a  given  view.  Hence 
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ABSTRACT. 

The  Incorporation  of  aonoaode  fibre  optics  into  an  argon  ion 
powered  Electronic  Speckle  Pattern  Xnterferoaeter  (ESP!)  Is  reported. 
The  systea,  consisting  of  an  optics  asseably  linked  to  the  laser  and 
a  CCD  caaera  transceiver,  flexibly  connected  by  40a  of  aonoaode  fibre 
optic  cable  to  the  optics,  has  been  used  to  analyse  the  nodal 
behaviour  of  structures  up  to  5a  X  3a  X  2n  in  site.  Phase  aodulation 
of  the  reference  bean  in  order  to  operate  in  a  heterodyne  node  has 
been  iapleaented  using  a  pieso-electric  crystal  operating  on  the 
aonoaode  fibre.  A  new  node  of  operation  sequential  tine-average 
subtraction  -  and  the  results  of  a  new  processing  algoritha  are  also 
reported.  Their  iapleaentation  enables  speckle  free,  tiae'-avecaoe 
vibration  asps  to  be  generated  in  real-'tlae  on  large,  unstable 
structures.  Sxaaple  results  for  a  four  cylinder  power  unit,  a 
vehicle  b^y  shell  coaponent  and  an  engine  oil  pan  ace  included.  In 
all  cases  the  analysis  was  conducted  in  a  general  workshop 
environaenC  without  the  need  for  vibration  isolation  facilities. 

1, INTRODUCTION. 

Electronic  speckle  pattern  interferoaetry  lESPI)  has  becoae 
established  as  an  laportant  optical  technique  In  a  jrange  of 
engineering  applications,  chiefly  for  vibration  studies.  However, 
the  technique  deaands  a  relatively  coaplex  optical  arrangeaent 
(figure  1)  which  aust  be  aalntained  in  very  precise  allgnaent 
throughout  the  experiaent.  Purtheraore,  when  using  an  argon  ion 
laser  in  the  systea,  in  order  to  analyse  large  objects,  considerable 
rearrangeaent  is  required  whenever  the  field  of  view  is  changed.  It 
is  coaaon  in  these  experiaents  for  the  entire  experiaent  to  be 
conducted  on  a  vibration  isolated  optics  table,  to  which  the  test 
object  is  rigidly  aounted.  ^ese  requireaents  have  tended  to 
restrict  the  applications  of  the  technique. 

We  report  here  a  developaent  of  ESPl  in  which  aany  of  the 
conventional  optics  are  replaced  by  optical  fibres  and  related 
coaponents.  The  laser  source  and  other  precision  coaponents  are 
separated  froa  a  coapact  transceiver  which  contains  optics  for  object 
illuaination,  the  caaera  and  reference  bean  optics.  The  source  and 
transceiver  ate  connected  by  a  flexible  optical  fibre  cable.  The 
transceiver  is  robust,  requires  alniaal  alignaent  and  aay  be  operated 
outside  the  benign  environaent  of  the  laboratory,  ft  aay  be  traversed 
readily,  or  used  to  inspect  different  objects  in  rapid  succession 
without  readjustaent.  We  have  used  an  argon  ion  laser  source  giving 
an  object  beaa  power  of  typically  500aN,  so  that  the  systea  aay  be 
used  with  long  working  distances  to  acquire,  very  rapidly,  vibration 
asps  of  large  objects  (  >10a*).  Experiaents  have  been  conducted  with 
fibre  optic  cables  up  to  40a  in  length. 
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Laser  beam  shaping  by  computer  generated  holograms 
S.  Sahnoune  -  E.h.  Roubari  -  H.  Torzynski  -  P.  Heyruels 

' -  r.trasbourq  Higher  National  School  of  rhysirs 
(ENSrs)  .  Strasbourg  Louis  Tasteur  University  -  7,  rue  de  I'nnlversit* 

#57000  Strasbourg  -  Trance 

WnACT  ,  / 

’".'’’if  .’’'ll”'’',  ■’  ■<^thod  and  a  systea  to  transforn  a  laser  Intensitv 

I  i  f®"  I"*®  a  unlfora  distribution.  He  use  couputer  generated  digital 

IHTPODUCTIOII  :  STATE  Of  THE_  APT 

For  many  application.  It  is  necessary  to  reshape  a  laser  bean  to  have  as  a  uniforn  as 
pcssible  intensity  distribution.  A  large  anount  of  papers  were  published  on  this  tobic 
riie  FEHOO  laser  bean  has  to  be  “flat”  when  it  is  used  in  netroiogy.  conputing.  or 
mitrrial  processing.  Classical  nethods  as  they  are  proposed  by  Harton  and  He  Dernit  (i) 
propose  a  combination  of  lenses  and  reflectors  to  transform  the  gausslan  shape  of  the 
into  a  feat  uniform  repartition. 

For  nuclear  fusion  and  superficial  material  processing.  Lacombat  et  al  (2)  describe  a 
Tochod  in  which  the  gaussian  laser  beam  It  splited  in  four  parts  that  are  combined  on  the 
taro*>t  zone,  this  process  gives  to  the  later  beam  an  approx  i  mat  I  vely  uniform  shape. 

For  some  radars  using  a  laser,  Veidkamp  et  al.  f3ed.5)  u.se  a  diffraction  pattern  to 
a  uniform  distribution  In  the  laser  beam.  In  optical  processing  and  optical 
a  collimated  beam  with  a  flat  profile  and  a  uniform  phase  is  often  neces- 
<^aiy  ( ^  For  this  purpose,  generally  the  laser  beam  Is  expanded  with  a  microscope 
'^j'-:,'Mve  with  a  high  magni f ication  ratio,  a  spatial  filter  and  a  collimating  lense  are 
li-fad.  fh  (7F  describes  a  way  of  expanding  the  beam  without  using  a  microscope  objective. 

He  u«es  a  neutral  ahsorhtion  glass  to  produce  a  c^splex  collimating  system.  This  system 
tra’:sf:'rms  a  gaussian  beam  in  an  iKMRogeneous  flat  beam  with  an  efficiency  of  37  f.  Rhodes 
rhealv  use  an  aforal  system  composed  of  two  aspherical  lenses  in  order  to  obtain 
3!  flat  and  collimated  beam  with  a  high  efficiency.  This  system  is  very  difficult 

t^alise.  rhafer  (6)  combines  an  afocal  system  with  A  spherical  lenses.  The  uniform 
is  realised' by  compensation  of  the  spherical  aberration  of  the  four  lenses. 

Iti  wr  ran  say  that  gaussian  coherent  beam  shaping  can  be  arhicv«'ej  by 

'•  jiti  (/),  tiy  u  f*’f  iug  «>»•  ,i  rolracthig  i*l  ‘»r  •'  'H  f  1 1  orl !  v*»  {  t.d.s)  .i 

(P.)  process.  All  these  methods  have  advantages,  but  also  and  mainly 

MiCovenients  that  lead  to  a  non  use  of  these  methods  In  practical  cases  where  they  will 

n^-essary. 

We  propose  two  usable  methods  to  turn  a  gaussian  beam  into  a  rectangular  profile  beam 
hv  'j«ing  computer  generated  holograms. 

? ■ SCR I PTI0N_ pF_ JKE  TWO  METHODS 

;(•'  first  method  and  system  (fig.  I)  utilise  the  spatial  frequency  of  the  object.  The 
•  being  the  gaussian  collimated  beam  in  a  P  plane  that  ran  be  modified  by  a  spatial 
hoicgram  !n  the  Ff  plane  to  produce  a  filtered  image  (uniform  beam)  on  Pi  plane, 
hrl'^gram  will  he  realised  with  the  Brown  and  Lohmann  method  (9).  These  holocrams  hav« 

»  ‘  If  V  arrhl  feoture. 

Ih?  <econd  solution  gathers  two  phase  holograms  into  an  afocal  system  that  will  have 
;i-  V/.  oretafional  advantages  than  the  Rhodes  system  (6).  As  we  see  in  Fig.  2,  the 

fir’*  h-'lcgram  is  used  to  bend  the  beam  In  order  to  transform  the  gaussian  repartition 
in'-  1  uniform  b»am.  The  second  hologram  Is  used  to  collimate  the  uniform  beam. 

3.  THEORY  OF  THEJjOLOGRAPHIC  flLTER  THAT  WE  USED 

l'''7  consider  a  linear  coherent  optical  system  as  ve  can  see  in  Fig.  r.  Ve  determine 
F } w  'onnection  between  the  wavefronts  Po  and  Pi  by  the  equation  ‘ 

R  <u.  v)  »  0  (u,  v)  .  H  lu,  v) 
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stiver  halide  senaltlaed  gelatin  aa  a  holographic  atorage  «,edlu« 


A.  Fimla,  I*  Pascual  y  A.  BelAndez 


Opto. 


Interuni vernltario 


<to 


Opt. lea.  Seccioit  de 
Apdo.  99*  Alicante 


Alicante.  Laboratorlo  de  Optica. 
03080*  RspaOa 


npaumcr 


f,ct«r^‘iror'’Vrata;i7l^'n\::L‘:^^  ^-chn„„e,  for  the  .a„n- 

lively  high  Ihe 

stability  of  dlchronated  gelatin.  The  InfTulncea  of  the  de.  1  “ft- 

dlfractlon  efficiency  and  ‘ „„e  1,  .„.l‘l".eiTtrr:.:g  -Jth";;? *”?r7rHl,‘Xti:r 

"•'•‘haran,’  we  analiaed  the  procesalng  atepa  and  thia  ahow  tba 

dev^*oSer  nf  IhH  ‘I®  "odolatlon  tr.nafer  function 

loper  0T9  ^  produce,  better  reaolution  and  leaa  nolae  level  than  the  rieve 


the 

The 


of  thJ'’e-rA7o'''"r7  r*!.""/*  ‘^^•'e  dlfractlon  efflcency  and  the  h.rderlng  level 

*  **^5  1*  1  7*'".  action  ia  promoted  by  trivalent  chromium  ions  which  are  aene- 

rated  in  the  vicinity  of  the  oxidized  silver  grains  and  controled  by  the  ratio  concentra- 

bleaching  bath.  The  measurements  of  the  difrac- 
fi  efficiency  in  the  different  steps  of  the  processing  give  us  Information  about  the 
*iM*chani8m  of  hologram  formation. 


1  a  INTROPOCCION 

Si  I vor>bal ide  sensitized  gelatin  is  a  processing  technique  which  comhlties  the  ener¬ 
getic  .md  Hpectral  sensitivity  of  photographic  emulsions  with  a  high  diffraction  efficiency 
and  the  low  level  of  noise  of  dichromated  ge!atins« 

The  technique  was  initially  developed  by  Penington*  Harper  and  Laming*!  though  the 
technique  in  its  present  day  state  Is  due  to  the  works  of  Graver*  Gladden  and  Estes^  on 
the  one  hand  and  to  those  of  Chang  and  Winlck^  on  the  other* 

One  of  the  problems  involved  In  this  processing  technique  ties  In  the  fact  that  the 
resolnilon  power  is  dependent  on  that  of  the  photographic  emulsion*  ferranto^  has  studied 
this  aspect  closely  and  has  found  a  significant  decrease  when  we  get  to  2000  l/mm.  Hari* 
haram*5  in  his  turn,  has  analysed  the  influence  of  the  developing*  whereas  Angell*  has  re> 
renily  optimized  the  processing  for  the  Kodak  649f  emulsion* 

In  (hi.s  work  we  are  going  4  <•  show  the  results  we  have  obtained  for  the  Agfa  BE7SHD 
emulsion,  these  being  baaed  on  a  modification  in  Chang  and  Wlnick's  processing  for  this 
technique  and  on  Chang's^’*  rnsults  with  dichromated  gelatin. 

^  2*  PHOTOCHEMICAL  PROCESSIMG 
.*  On  (able  I  are  shown  in  detail  all  the  stages  in  the  processing  of  8E75HD  plates* 

For  its  development  we  built  up  holographic  diffraction  networks  between  1000  and 
2000  l/«m,  which  we  obtained  in  a  conventional  holographic  device  of  symmetrical  geometry, 
by  using  a  Me-Ne  laser* 

Once  the  photographic  emulsion  has  been  exposed  it  Is  developed  and  then  bleached*  Due 
to  the  actiitn  of  the  bleacher  the  developed  silver  Is  oxidised  to  Ag^  ,  whereas  the 
the  Cr  ion  is  reduced  to  Cr^J  during-the  same  bleaching  wash*  This  way  the  Cr^J  ion  is 
linked  to  the  gelatin  chains  In  the  vicinity  of  the  oxidised  silver  grains  achieving  a 
variation  of  hardening  between  the  exposed  and  nonexpossd  zones  of  the  emulsion. 

The  emulsion  is  then  fixed  to  remove  all  the  excess  silver  halides.  The  prt»ces8lng  Is 
completrd  with  the  washing  of  the  emulsion  and  its  dehydration  through  successive  baths  in 
isopropanol ,  following  a  processing  simitar  to  that  of  a  dichromated  gelatin* 

With  this  classic  processing  we  achieve  a  $0ll  diffraction  efficiency  for  networks  with 
I  the  8E75IID  emulsion*  a  worse  result  than  the  one  obtained  by  Angetl*  From  our  point  of 

I  view,  this  drop  Is  due  to  t.he  fact  that  the  degree  of  hardening  that  is  reached  In  the 
8E7SIII>  emulsion  gelatin  Is  n(»t  the  right  one*  if  wo  compare  it  to  that  of  the  649F  emulsioiv* 
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Con«truetlon  o£  holo|rtpblc  alrror*  in  diebroaattd  (tlntla 
*  Ant  A.  Andrndt.  **  JotA  M.  kabordio 


•  LHETI  -  ret 

•*  IHktl  (Labotatdtla  kaclonal  da  Bntanhacla  a 
0B(,  Ailnhata  doa  Laaaltaa  A  latttda  do 
iAA*  bldkOA  coon.  kOktOeAL 


Ttcnolofift  XD4ttttjrl«l> 
f«^e  dft  Lttaiftt* 


Ai^gttACT 


A  atthod  for  tho  eoattrttetloA  of  blgb  •ttieUncj,  aarrov  tptcfcral  aad 
«a|ttUr  baadt  aad  low  dlapartioa  aad  abaortiea  bolotraphie  alrrora  la 
daacrlbad.  Tba  ralaraat  phyaieaX  aad  cbtaieal  paraaatart  oa  tha  tavaral 
ttataa  of  tha  prodiietloa  of  tba  bolofraa  rotardiag  tba  fiaaX  qaallty  baaa 
baan  atudlad  ona  by  oaa,  Saaaral  daaatopaaat  taaparataraa  baaa  baaa 
carriad  oota  Tha  eoaparlaoa  bataaan  tboaa  aathoda  ta  deoa  by  tha  aaalytit 
of  tha  final  optical  alrror  propartiaa.  Aotbarford  Baekaeattarlnf  haa  baao 
uaad  to  aaaaora  tha  thleknaaa  of  tha  fila  of  galatla.  Soaa  raaulta  at# 
praaaatad  and  tha  aatbod  la  diacoaaadA 


'  / 

I  Dlchroaatad  Galatln  la  a  proaialng 
photoaanalelaa  aadlua  that  can  hold 

^ holofraaa  aith  high  diffraction  afflciancy* 
f  vhlla  kaaplng  tha  holographic  plataa 

^  tranaparant . 

To  control  alanltanaooaly  thaaa  tvo 
cbaractarlatlea  la  tha  aoat  laportant 

tdlfflcttlty  In  tha  uaa  of  anch  aatarlald  Tha 

jbaat  coaproalaa  batvaan  both  dapanda  on  tha 
I  kind  of  holograa  to  bt  dona. 

!  Tha  aaaaurt  of  tha  thleknaaa  of  tha 
gala  tin  layar  la  critical  for 
' raproduclblllty  and  to  ebaek  raaulta  with 
;Kogalnlck  theory. 

>  In  tbJa  paper  va  vill  dlacoaa  bow  the 
pra'hardanlng  affecta  tha  diffraction 

't  afflclancy  and  hov  tha  angular  bandolth 
I  dap^  *a  on  tha  expoattra. 

Ve  euggaat  bow  Kutharford  backacattarlng 
can  be  uaad  to  Maaeura  tha  thlckhnaaa  of  tha 
gala  tin  layar#  praaant  tone  raaulta  obtained 
and  dlacuaa  aona  llaltatlona  and  tha 
accuracy  of  tha  iiethod. 

omcAi, 

holographic  Optical  glaaiaota  <BOg*a) 
raqulra  aaearal  atapa  to  ba  followed. 

The  flrat  one  la  the  praparatlon  of  tha 
galatlnt  a  Mixture  of  water  and  aolld 
galatln  la  heated  until  cOMplata 
{  dlaaolotlon.  go«a  dichroMata  la  added  lor 
hardening  purpoeaa  aad  after  filtering  tha 
aolutlon  can  ba  dapoaltad  on  a  glaaa  plate. 
Tha  plate  drlaa  at  rooM  taMparatora  for 
about  12  h  and  than  (in  a  gal  atata)  la 
beatad  for  2  h  at  120*  C«  thna  hardtnlng  tha 
gal. 

In  tha  eanalhlllaatlon  atap,  tha  hardened 


i 


galatln  flip  la  laartad  for  a  few  nlnutea  in 
a  aoltttlon  with  Sf  of  aaioniun  dlehronata  and 
left  to  dry.  Tha  plate  la  now  raady  for 
axpoanro . 

Tha  daealopnant  coneiata  la  the  following 
procadurot 

1  .  10  Htt  under  currant  watar  (21*0 

2  -  }  nn  in  a  aolntlon  with  252 

propanol>2  (21*C) 

$  •  1  mn  In  a  eolntlon  with  102 

propanol>2  (21*C) 

4  •  3  Mn  in  a  aolutlon  with  902 

propBnol*2  (21*C> 

5  >  1$  Mn  in  loot  propanol*2  (00*C) 

0  -  drying  with  a  flow  of  heated  air  . 

U  OM  ^_TgB^  _MtATiP»  y WWgOII 
^)imACTiQi  gryigiKMg^f  Agp 
jTJtyjiffAMmgg 

In  tha  conatrnetlon  of  holographic 
optical  alaManta.  aiirrora  or  lanaat* 
tranaparaney  of  tha  BOE  ta  e  fundepantal 
need.  Tha  apount  of  aponlUH  dlchropata  (DC) 
nocaaaary  to  harden  tha  gelatin  la  the  pain 
chaPical  patapatar  that  haa  bean  atudlad. 
Tba  axparipanta  carried  oot  with  raflaction 
plana  holograpa  abowad  that  for  davaloppant 
at  roop  tapparatura  there  are  two  ipportant 
coocantratlona  of  dlchroaata  which  aaaa  to 
lead  to  diffarant  bahawiour  of  tha  lOB. 

Vith  OaII  DC  tba  plataa  thow  two 
difforant  aonaa  after  dawaloppant  i  in  tha 
non  axpoatd  area  tha  optical  nolaa  la 
wiflbla.  Ln  tha  forp  of  ailky  haaai  in  the 
axpoaad  aroa  tha  plate  la  clear,  iallow  0.12  ^ 

DC  coacantratlon  theta  la  optical  nolaa  awan 
in  tba  axpoaad  araaa.  Tbla  bebawlour  ahowa 
that  0.92  DC  aaaaa  to  ba  an  iaportnnt 
turnowar  for  tbo  hardening  eoncantration. 

•abend  0.92  DC  tba  diffraction  afficioney 
of  tha  holograP  la  gotta  eanaltlaa  to 
doToloppont  cenditlone  and  lover  arpeanrae 
Pay  land  to  higher  afficianelaa . 
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COUPLING  EFFICIENCY  IN  A  HGLOCOUPLER-OPTICAL  FIBER  SYSTEM  ' 

H.L.Calvo  and  L.  De  Pedraza 
On I VERS I DAD  COMPtUT£NSE>  DePARTAHENTO  DE  OPTICA 

Facultao  DE  Ciencias  FfsicAs,  2aW0  Madrid,  Spain 

MSUMCT 

He  preunt  e  utheMtleal  •odel  beeed  on  the  elkonel  epptonlnetlon  for  the  diffraction  of  a  TH  wave  i.v 
an  optical  fiber  with  parabolic  profile.  OptltMl  conditioon  for  the  algnal  to  be  totally  confined  Into  the 
Hber  have  been  atadled  and  nuaerically  controlled.  The  light  coupler  Hha  a  hololens  acting  aa  a  holocoupler. 
Th«  total  coaplln9  offlelancy  of  tho  ayatoM  haa  boon  aatlMit«d  for  partleolar  phyaleal  paraMtera. 

1.  INTRODUCTION 

In  tha  daalgn  of  particolat*  optical  and  opto-alaetronie  ayataaa  ipara  optical  flbaia  ara  requlredp  the 
conp^ctlon  batwaan  naighbourlnq  fibara  la  aoMtlnaa  nacaaaary.  for  that  purpoae  spaelfic  ayataaa  ara  ra<|uirad 
to^^^  <iura  an  optical  eonnactlon  with  Mxlaua  coupling  afficlancy.  An  intaraating  alternative  to  conventional 
cou^ara  la  baaed  upon  tha  propartiaa  of  holo9raphle  ^ratlaga  aa  holocouplara^  .  Thla  one  appaara  to  be  a 
dispositive  presenting  quick  transMiaalonp  hiqh  capability  for  atorlnq  Inforwatlon  In  abort  apace  aa  well  aa 
hlqh  afficlancye  Tha  efficiency  of  the  eouplinq  «  daaeribinq  the  parcentaqe  of  lunlnoua  energy  atored  into 
the  fiber  depends  upon  tha  register  conditions  and  the  optical  and  physical  paraaeters  of  the  fiber.  The  total 
effirieny  is  defined  as  the  product  of  the  tranaiaiaaion  efficiency  of  the  hologran,  ,  tinea  the  intrinsic 
fiber  efficlencyp  nj  *  then*  values  of  the  order  of  0.25  war*  found  for  the*  holocoupler  systen,  *  '*jl  X  *'j  " 

0.  65  X  0.39  ).  A  first  holographic  theory  and  a  classification  of  the  factors  to  be  considered  in  the 
optinisation  of  a  holocoupler  were  fornulated  by  Soares^  .  Several  physical  paraneters  appear  to  influence 
dranatlcelly  the  coupling  efficiency.  Nanelyg  polarisation  state#  wevefront  aberration,  lateral  and  angular 
shifts#  thickness  vsristlon.  Recently#  it  has  besn  predicted  theoretically  a  loaa  of  a  25%  of  the  processed 
energy  at  the  sero  spatial  frequency  of  the  NTP  of  a  hoiolens/parabollc  optical  fiber  syatem^  . 

ife  have  introduced  a  nathensticsl  nodcl  by  eatsblishing  cn  inequality  leading  to  the  coupling  condition 
in  a  hololens/opticai  fiber  systen  end  to  the  definition  of  «n  intrinsic  coupling  efficiency  for  the  fiber. 
NuMerieal  estliaates  have  been  siade  for  the  coupling  condition  by  studying  ths  variations  introduced  in  the 
obtained  expression  with  rsapset  to  several  physical  psraaisters  influencing  the  amount  of  energy  captured 
by  the  optical  fiber.  Those  parasMBters  are#  in  particular#  the  polarisation  state  of  the  reference  wave#  the 
angle  of  incidence  of  the  same#  the  distribution  of  the  parabolic  profile  for  the  refractive  index  of  the 
optical  fiber  and  the  absorption  coef f u  of  the  hologram. 


Me  have  made  uee  for  the  purpose  of  developing  our  smthematical  model  the  experimental  set  up  shown  in 
riv  7  I  for  the  register  of  s  holocoupler^  .  In  general#  the  Holographic  coupler  is  an  interfmrogram  formed 
asV  ilowsi  II  The  first  hologram  located  In  plane  t  <1  is  recorded  with  the  output  beam  of  fiber  1 
located  in  plane  X  •  0#  and#  the  incoming  reference  beam  considered  ee  a  plane  monochromatic  wave. 

21  The  second  hologram  Hy  located  in  plane  t  •  tj  it  recorded  by  the  output  beam  of  fiber  2  located  In  plane 
<  -  d#  and.  the  conjugated  of  the  reference  wave  to  make  the  coupling  eaaier. 

In  the  best  coupling  conditions#  if  we  reconstruct  with  the  output  of  fiber  1#  then,  the  light  Is 
transmitted  end  focused  into  fiber  2  under  strict  confinement  conditions  as  it  Is  shwoa  in  the  figure. 


We  are  interested  in  studying  and  describing  the  signal  in  the  X2  axis  defined  at  the  aperture  of  f 
There#  we  ahall  make  uae  of  the  mathematical  expresaion  for  the  ecettered  algnal  under  eikonal  approxlma 
We  notice  that  the  system  le  reciprocal  and  thg  aama  can  be  done  in  tbe  aperture  of  fifcier  1. 


fiber  2 
etlon. 


figure  1.  ffologrephto  eouplert  echematic 

representation  of  the  experimental 
set  up  ter  the  regieter 
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Software  techniques  for  the  analysis  of  contour  maps  of  manufactured  components 
David  R.  Burton  and  Michael  J.  Lalor 

Coherent  Optics  Research  Group,  Department  of  Mechanical  Engineering,  i 

Liverpool  Polytechnic,  Byrom  Street.  Liverpool  L3  3Ar,  U.K.  * 


ABSTRACT 


The  Image  processing  of  contour  type  fringe  patterns  to  extract  coordinate  Information 
well  understood.  This  paper  discusses  the  farther  processing  of  this  information  In 
der  to  determine  the  fundamental  geometrical  nature  of  the  underlying  surface, 
rticular  reference  is  made  to  the  use  of  such  analysis  techniques  for  Industrial 
spection  of  surface  fora. 


1 .  IIITROIHICTIOM 


The  uae  of  light  fringes  to  study,  at  least  qualitatively,  the  small  deformations  or 
angee  in  specularly  reflective  surfaces  is  well  understoodi*^'^.  The  extension  of  these 
bhniques  to  the  study  of  what  might  be  termed  the  underlying  macrogeometry  of  the  object 
iielf  via  the  creation  of  'contour  naps',  while  less  well  known,  is  still  a  well 
!ve''>|(^  technology’*'. 


Tfie  authors  have  for  a  number  of  years  employed  a  wide  variety  of  contouring  techniques 
the  development  of  high  precision  industrial,  non  contact,  surface  form  measurement 
Struments.  Methods  used  include!  .  _ 

)  dual  index  and  dual  frequency  holography'^' 

.)  interferometric  fringe  projection®,  and 

.11  Ronchl  or  cos*  grating  shadow  projection  .  ,  , 

•  basic  measurement  philosophy  of  all  of  these  techniques  can  be  explained  by  reference 
Figure  1. 


jure  1.  General  arrangement  of  projection  contouring 


In  this  arrangement,  which  is  basically  a  fringe  projection  system, 
ced  cos»  intensity  fringes  iminge  on  the  surface  under  inspection  from 
ectlon  given  by  the  vector  I  ,  The  resulting  fringe  pattern  is  then 
-axis  direction  shown  by  the  viewing  vector  V  . 


the  constantly 
an  illumination 
viewed  from  an 


M.  BertolottcC 
L.  Fabbri 
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Mtchuacal  Design  Considerations  in  Scanning  Optical  Microscopy. 
T.  Wilson 

Oxford  University,  Department  of  Engineering  Science 
Parks  Road,  Oxford  OXl  3PJ,  England 


We  review  the  choice  of  scanning  mechanisms  for  scanning  optical  microscopy  and  discuss  the  factors 
which  make  certain  approaches  more  attractive. 


The  acceptance  of  scanning  as  an  attractive  attribute  to  optical  microscopy  is  relatively  recent  in  the  . 
sense  that  scanning  optical  microscopes  have  only  become  commercially  available  in  the  last  few  years. 
Interest  in  scanning  has  always  been  alive  in  the  biological  and  semiconductor  physics  fields  where  the 
use  of  a  scanning  beam  to  excite  certain  processes  has  generated  n.selhl  information.  However,  it  was 
not  really  until  the  development  of  the  coofocal  scanning  optical  micro.scope  (1,2,3)  and  the  relatively 
cheap  availability  of  powerful  computer  processing  that  the  field  really  came  alive.  It  is  now  common  to 
find  entire  conferences  devoted  to  the  subject  (4,5).  However,  it  is  not  common  to  find  much  di.scn.ssian 
of  the  choice  of  scanning  mechanism  employed.  In  the  following,  therefore,  we  choose  to  discnss  the 
choice  of  scanning  technique  rather  than  the  mnititnde  of  unique  image  formation  modes  and  computer 
processing  which  these  systems  lend  themselves  readily  to. 


A  confocal  scanning  microscope  is  shown  schematically  in  Figure  1.  Although  this  o'l**;”*  « 
in  transmission,  which  is  an  nncommon  practical  arrangment,  the  key  elements  we  clear  T  y 
some  form  of  electrical/computer  control  of  the  scanning  mechanism  and  signal/pictnre  analysis  and 
display  The  use  of  a  point  detector  ensures  confocal  operation  (1,2).  We  clearly  need  to  scan  the  hgh 
relative  lo  the  object  i-  ‘<> 

•  Scan  the  object. 

•  Scan  the  objective  lens. 

a„”y  be  found  before  the  more  spedalised  and  wrphisticated  technique,  of  scmrmng  mKrow:opy 
ve  employed. 
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Automatic  Surface  Analysis  of  Projection  Interference  Fringes 

S.  P.  Alnelda,  R.  W.  Wygant  and  O.  D.  D.  Soares* 

Virginia  Polytechnic  Institute  and  State  University,  Blacksburg,  VA  2^061 
*NIC-Centro  de  Flslca,  Unlversidade  do  Porto,  4000  Porto,  Portugal 


Abstract 

Projection  fringe  Interferometry  techniques  were  used  together  with  an 
automatic  surface  analysis  algorithm  to  construct  three-dimensional  topographic 
maps  of  a  nonoptlcal  surface.  Parameters  determined  by  the  algorithm  Include: 
a;  rage  surface  roughness,  surface  height  distribution  descriptors  and  the 
autocorrelation  function.  The  resolution  of  the  system  can  be  varied  from 
submicron  to  millimeters  In  both  lateral  and  vertical  directions.  Results  .ire 
presented  for  a  surface  analysis  of  an  oxidized  roughly  cut  block  of  Iron.  They 
were  found  to  be  In  good  agreement  with  measurements  obtained  via  the  stylus 
profllometer  method. 


Nondestructive  on-line  optical  techniques  provide  a  very  useful  method  for 
measurement  of  surface  roughness  during  Inspection  procedures.  Among  the  various 
types  of  methods  one  can  use  l.e.  light  scattering,  speckle,  etc.,  we  sh.all 
concentrate  on  the  projection  fringe  technique.  This  method  allows  one  to  oht.ifn 
a  three  dimensional  topographic  map  of  a  surface.  Resolution  of  the  surface 
structures  can  be  varied  from  the  submlcton  to  the  millimeter  range  in  both 
laterai  and  vertical  directions.  The  method  also  lends  itself  to  analysis  of 
nonoptical  surfaces  in  which  the  surface  reflectivity  Is  not  very  strong. 


Projection  interference  fringes  are  produced  on  a  surface  to  be  inspected  hv 
lowitig  two  coherent  beams  of  light  to  Intersect  on  the  area  to  be  examined.  The 
projected  straight  line  fringe  pattern  becomes  deviated  wherever  there  is  a 
surface  deviation.  The  contoured  fringes  thus  produced  are  then  dlgltzed  via  an 
on-line  vidicon  and  recorded  in  a  microcomputer.  An  important  point  of  tlie 
analysis  is  the  type  of  algorithm  used  to  analyze  the  Interferogram .  We  have 
developed  an  automatic  tracking  algorithm  which  tracks  the  fringes  and  outputs 
statistical  parameters  which  describe  the  surface  topographic  map,  ll-llj. 

11.  Xntecferoxrara  Construction 

Tile  intensity  In  the  volume  of  Intersection  of  two  collimated  laser  beams 
projected  onto  a  surface  to  be  Inspected  is  given  by, 

I(x,t)  -  c  6  |e1^  (1  +  cosKkj-kjl'xjl  (1) 


VD 
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Surface  Inapectlon  of  Laser  Trentort  Mnterinis  via 
Three  Dimensional  Computer  Color  Cnntnnr1n0 

R.W.  Hygant  and  S.P. Almeida 
Virginia  Polytechnic  Institute  and  State  University 
Department  of  Physics.  Blacksburg,  Virginia  5>406i 

and 

H.J.  Churchill,  J.M.  niass  nnd  M.P.  Groger 
American  Renearnh  Corporation  of  Virginia 


ABSTRACT 


Tilt;  ioii  of  loooi'  tvcotoil  iiiotorla  1  n  ic  pertartnea  '.'ia 

use  of  a  microcomputer  on-line  to  a  digitizer  which  records  the 
interf erogram  produced  using  projection  interference  techniques. 

The  burtiiiiy  perfuiiutau  vlai  u  Sijyii  ptiwcrnu  liiiv.  =  tv  i’-'- 

cerhon  dioyide  laser.  The  resulting  burns  varied  In  quality  over 
the  two  surface  dimennlonal  .  Surface  micro-structures  were 
analyzed  using  the  recorded  i n ter f erogram .  Special  image 
procesalng  algorithms  were  developed  tn  extract  the  burn  footuren 
from  tho  surrounding  background. 

Results  are  presented  depicting  variations  In  the  burns. 
They  reveal  the  quality  of  the  laser  pulse  and  its  effect  on 
different  areas  of  the  alloy.  Lateral  and  depth  resolutions  of 
the  order  of  a  few  microns  were  achieved.  A  topological  mapping 

the  Burface. 
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Happing  of  Taxtllo  Surfaca  Rallat 

Manual  F.P.C.M.  Coata,  Jos*  B.  Alnalda 

Unlvaraity  of  Mlnho  -  Phyalca  Laboratory 
P-f719  BRAOA  Codax,  POATUGAL 


alteratlona  produead  In  fabrlca  by  tha  action  of  dyaa  *  IhoiS  »**«>ratorlaa  to  atudy  tha 

ot  the  bright  apot  on  an  horirontal  aurfaca 
‘  illoalnated  with  an  obllqua  baam  and  novad  vertically,  m  order  to  make  the 

conparad  with  a  rafaranca  poaltlon.  Tha  syatan  1,  thua  formed  by  an  HeHa  laaer  focuaad  onto 
■  (  •urfaco  (aanple  aupport)  endowed  of  bidirectional  notion  obtained  by  two 

•c^piny  Motors  which  ar«  controlled  by  «  ®051  Microcomputer  that  will  also  control  the  data 
aequialtion  and  proceaalnff  ayateMa  and  It 'a  forwarding  to  the  working  Microcomputer.  The 
laser  bean  incidence  angle,  the  focuaing  aysten  and  the  reception  objective  can  be  changed 
to  increase  the  aysten  flcklenesaa 


1  nmtopucTtow 

The  conisunere  increasing  exigence  and  the  strong  competition  impose  the  industrial 
conpanles  (and  production  investigation  laboratories)  a  better  knowledge  of  raw  material 
physical  characteristics.  So.  we  have  been  requested  to  develop  a  textile  surface  relief 
napping  syst.en  by  non  contact  means,  in  order  to  study  texture  alterations  produced  in 
fabrics  by  the  action  of  dyes,  stress,  and  so  on. 

a  TBS  HBTHOD 

When  an  horizontal  aurfaca  is  Illuminated  with  an  oblique  light  beam  and  moved 
vertically,  an  horizontal  shift  of  tha  bright  spot  will  occur. 

The  prof ilvmetry  is  achieved  sweeping  the  sample  with  an  oblique  laser  beam.  The  bright 
spot  horizontal  shift,  in  respect  to  a  reference  position  and  amplified  by  the  reception 
optical  system  (ROS) .  is  recorded  in  the  microcomputer  memory  for  later  analysis. 

The  relationship  between  the  vertical  shift  (h)  and  the  horizontal  one  (d)  is: 


The  amplification  factor  will  be  greater  for  lower  incidence  angles  (o)  at  the  expense  of 
a  bright  spot  area  enlargement  which  can  be  very  Inconvenient  namely  for  irregular  aurfacea. 
So  the  incidence  angle  must  be  moderate  depending  on  the  kind  of  surface  (between  20*  and 
50*  for  most  common  fabrics) .  The  horilontal  shift  amplification  will  be  done  nostly  by  the 
reception  optical  system  (ROS) . 

3  Sfil  SrSTSM 

The  system  (fig.  1)  is  formed  by  an  HeNe  laser  (1)  (NBC;  CLG  5210;  632, Snm;  ImW) ; 

attached  to  a  structure  (2)  which  allows  changes  in  the  laser  beam  incidence  angle;  an 

adjustable  Incidence  optical  system  (lOS),  formed  by  «  filter  and  e  convergent  lens  (3);  the 
sample  support  (4)  (reference  surface  Preclmove  100,  Xndufer)  endowed  of  bidirectional 
motion  provided  by  two  stepping  motors  (Superior  Blectric;  StO'-SyN;  H061)  controlled  via 
Hodulinx  motion  control  system  (Superior  Electric)  by  the  autonetlc  data  handling  aysten 
I  (ADHS)  (5)  based  on  a  8051  microprocessor;  an  adjustable  ROS  (6)  (x  10  objective)  attached 

i  to  a  video  camera  (7)  (SONY  HNS''14;  CCIR  stenderds). 
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Eddy  Current  Nondestructive  Evaluation  of  Laser  Glazed  Metallic  Surfaces* 

RJ .  Churchill,  J.M.  Glass.  H  J».  Groger  and  S.S.  Lane 

American  Research  Cotpoiation  of  Virginia.  > 

P.O.  Boa  3406,  Radford,  Virginia  24143-3406,  U5.A. 

ABsmcr 

Laser  glazing  holds  great  potential  for  the  produclion  of  new  and  improved  materials,  but  there  is  a  need  to  identify  and  control 
the  Aickness  of  the  glazed  layer  and  to  monitor  porosity  and  other  defects  in  the  surface  layer  and  adjacent  substrate  by  using 
nondestructive  evaluation  techniques.  Eddy  current  methods  rely  on  the  intenctron  of  electromagnetic  fields  with  the  metallic 
pan  under  test,  which  effectively  transfers  the  impedance  of  the  test  specimen  to  the  excitation  coil  so  that  changes  in  the  test 
specimen  which  affect  the  transferred  impedance  may  be  detected  by  the  test  coil.  This  paper  addresses  the  experimental 
parameters  of  1^  glazing  of  metallic  surfaces,  eddy  current  probe  suitability  for  reliable  measurement  of  thin  hyeis,  ranges  of 
operating  conditions,  sensitivity,  speed  of  response  and  feasibility  of  eddy  current  nondestructive  sensors  for  use  in  process 
control. 


Laser  glazing  is  the  proce.ss  in  which  a  shallow  surface  layer  of  material  is  melted  by  a  high  power  laser  beam  followed  by 
rapid  solidiflcation  to  producea  mkrocrystalline  layer  having  improved  re.sistance  to  wear,  erosion,  corrosion  or  impact  damage. 
The  laser-glazing  process  holds  great  potential  in  the  production  of  new  and  improved  materiais  for  turbines,  reactor  systems, 
boilers,  beat  exchangers,  pipes  and  tubing.  Despite  its  significant  advantages,  however,  laser  processing  can  generate  porosity, 
cracks  and  irregular  boundaries  in  both  the  melt  region  and  the  adjacent  substrate.  This  paper  describes  the  development  of  eddy 
current  nondestructive  evaluation  (NDE)  techniques  to  monitor  and  control  the  thickness  of  the  glazed  layer  and  to  characterize 
defects  in  the  surface  layer  and  heat-affected  zone. 

Eddy  current  methods  rely  on  the  inieraciion  of  a  time-varying  elecbomagnetic  EeM  with  the  metallic  part  under  test.  An 
excitation  roil  pioduces  an  alternating  magnetic  field  which  induces  eddy  currents  in  the  specimen,  and  the  eddy  currents  generate 
their  own  electromagnetic  field  which  couples  with  the  initial  field.  In  effect,  this  coupling  transfers  the  impedance  of  the  test 
specimen  to  the  excitation  coil  so  that  changes  in  the  lest  specimen  may  be  delected  by  changes  in  the  electrical  impedance  of  the 
test  coil  located  near  the  surface  of  the  metal.  A  proof-of-concept  laser-glazing  system  was  developed  incorporating  an  on-line 
eddycurrent  sensor  for  process  control.  The  system  was  used  loevaluate  the  production  of  laser-glazed  surfaces  on  siamle.ss  steels, 
tool  steels  and  nickel  alloys  of  interest  to  energy-related  industries. 

this  paper  addresses  the  experimental  parameters  involved  in  laser  glazing  of  metallic  surfaces,  eddy  current  probe  suitability 
for  reliable  mea.suremenl  of  thin  layers,  ranges  of  operating  conditions,  sensitivity,  speed  of  re.sponse  arrd  feasibility  of  eddy 
current  nondestructive  sensors  for  use  in  process  control.  The  next  section  describes  the  laser  glazing  of  metallic  .surfaces  followed 
by  a  brief  account  of  eddy  current  techttology.  Experimental  results,  discussion  arrd  Kchnical  findings  conclude  the  paper. 


The  interaction  between  a  laser  beam  and  the  surface  of  a  metal  or  alloy  is  controlled  by  a  number  of  variables  including  the 
wavelength  of  the  laser  radiation,  the  incidem  power  density  and  the  available  interaction  time.'  The  la.ser/material  interaction 
spectrum  for  a  high  power,  continuous  wave  CX).  laser  is  shown  in  Table  I.  The  interaction  time  is  defined  as  the  lime  required 
for  the  laser  beam  to  traverse  one  spot  diameter.  A  particulw  combination  of  power  density  and  interaction  time  defines  a  specific 
operational  regime.  The  operating  regimes  range  from  high  power  density/short  biteraction  time  to  low  posver  density/long 
interaction  time.  It  is  not  primarily  the  quantity  of  energy  applied,  but  the  rale  and  power  den.sity  at  which  it  is  applied,  which 
produces  the  specific  maierials-processing  effect  desired.  In  order  of  increasing  power  density,  the  various  processing  effects 
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ABSTRACT 

I.  lOTTODUCTlOW 

*"  l"<l“Sbrial  process  one  has  to  assess  the  quality  of  the  product 
inanerM^n^h^^^e^^f"  <'*  discuss  the  physical  backgrounds  of  an  example:  contactless 

inspection  by  scattering  of  laser  light  from  the  surface  to  be  inspected.  We  are  particular¬ 
ly  Interested  in  the  surface  roughness.  Examples  are  polished  or  machined  surfaces  like  mir- 
Interfaces.  Also  the  inspection  of  tiny  details  present  in  integrated 
^  J  ?"‘o  ‘his  study.  The  purpose  is  to  detect  flaws  during  the  production  process. 

The  inspection  proceeds  as  follows:  laser  light  is  directed  onto  the  surface  to  be  in- 
spected.  The  reflected  field  contains  information  about  the  illuminated  part  of  the  surface, 
pe  basic  problem  is  how  to  translate  the  scattered  field  in  terms  of  the  surface  character¬ 
istics.  Such  an  inverse  problem  can  only  be  solved  if  the  corresponding  direct  problem  can 
be  dealt  with:  given^e  shape  of  the  surface,  predict  the  scattered  field.  The  direct  pro¬ 
em  can  only  be  treated  in  a  rather  simple  and  easy  to  grasp  way  when  the  local  radii  of 
vurvature  are  large  compared  to  the  wavelength  of  the  incident  radiation.  In  th»  greater 
part  of  this  presentation  we  shall  adopt  this  restriction.  We  shall  briefly  comment  on  the 
situation  where  this  restriction  is  no  longer  true:  the  inspection  of  integrated  circuits. 

We  shall  review  the  following  approaches: 

-  scattering  from  general  surfaces:  the  Beckmann-Kirchhoff  regime. 

-  scattering  Interpreted  from  the  viewpoint  of  the  Van  Clttert-Zernlke  theorem. 

-  rigorous  scattering  theory. 

2.  SCATTEHIWO  FROM  GEWEHAL  SURFACES:  THE  BECKHAWH-KIRCHHOFF  REOIME 

A  laser  beam  with  a  Caussian  Intensity  profile  is  directed  onto  a  surface  which  we  assume 
to  have  the  following  properties  (for  the  sake  of  clarity  of  presentation):  the  surface 
bounds  a  perfectly  conducting  medium,  the  surface  is  cylindrical  and  is  given  by  tsffx)  (the 
descriptors  are  chosen  parallel  to  the  y-axis).  If  we  choose  the  polarisation  of  the  inci¬ 
dent  field  along  the  y-axis  we  have  a  truly  scalar  problem;  denoting  the  incident  field  by 
♦.  (x.s)  and  the  scattered  field  by  Vj  ,  we  have  to  solve  the  following  problem:  determine 


v.ijffif  ksu'.'^c  is  the  number  in  the  medium  above  the  surface  (here  supposed  to  be  vacuum). 

As  th**  surface  terminates  a  perfect  conductor  we  have 


very  roint  on  the  conductor  becaus 


roint  on  the  conductor  because  the  total  field  strength  is  scro  on  the  conductor. 

Rencefcrth  we  will  omit  the  subscript  "sc*'  at  i- 
/  (h  because  we  will  only  be  interested  in  the  calcu- 

lation  of  the  scattered  field.  We  now  introduce 
/  y  *  the  basic  assumption  of  the  Beckmsnn-Kircbhofr 

/  y''jr  ^  approximation^^:  locally  the  surface  may  be  ap- 

y^ ^^yC^  y^  proximated  by  its  tangent  plane.  This  assumption 

\  J  y^ y^  reasonable  if  the  local  radii  of  curvature 

/y^ y^ y^  large  compared  to  the  wavelength  of  the  in- 

cident  radiation.  The  incident  Gaussian  beam  is 
-  yy  y^ y^  y^ y'  given  by: 


Fig.l;  Scattering  geometry. 
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ABSTRACT 

This  paper  discusses  the  construction  and  capabilities  of  a  laser  rangefinder  system  for 
profiling  measurements  on  hot  surfaces  (T  <  1400  °C),  especially  measurement  of  the  thickness 
profile  of  the  fire-brick  sheathing  of  a  converter.  The  rangefinder  consists  of  an  opto¬ 
mechanical  measuring  head,  electronics  unit  and  hand-held  computer.  Special  attention  is 
paid  to  maximizing  the  Inherently  low  slgnal-to-noise  ratio  typical 

kind.  In  addition,  an  efficient  time  interval  measurement  principle  is  f"" 

(bles  rapid  determination  of  a  single  3  D  point.  The  measured  resolution  * 

real  operating  environment  is  a  few  millimetres  with  a  measuring  time  of  less  than  ’ 
pir  min"ei^nt  ^l^t?  ?he  accuracy  of  the  system  is  better  than  I  cm  in  a  measurement  range 

.  of.  6-17  metres. 

I.  INTRODUCTION 

Many  manual  measurements  are  still  performed  in  steel  works 

ity,  higher  productivity  and  less  expenditure  of  work.  Safety  is  aiso  an  po 
especially  when  working  with  molten  steel. 

Distance  measurements  have  many  casting  line?  determination  of  the  shape 

i:d’di::n:Torof’^::^b3ec?s  r-a^irement  of  the  thickness  and  guallty  of  the  sheathing  of 
the  converter’. 

Non-contact  distance  :Tcr^L^''anrrasL’'Selms"  ^S^clL^’s^ste^f  ^ui?r* 

rays,  ultrasonic  or  ™  "owa^rand  ultrasonic  systems  generally  show  p^r 

extensive  safety  precautions,  ®"f.  have  some  superior  features,  e.g.  that  the 

bundling  of  radiation,  whereas  optical  systems  na  easily  collimated,  which  enables 

light  can  simply  be  focused  by  lenses  and  l'  addition,  the  light  ^am 

:can“brtransmuUrbrop"cai  ab%s,  which  makes  it  possible  to  construct  optomechanical 
measuring  heads  for  demanding  environments. 

K  S  paper  discusses  the  construction  and  capabilitUs  J*®'^  ”I?rshort"lemicon- 

operating  on  the  c'  "’®®®®^‘"f,^‘'®,gjble^target  and^for  the  reflected  pulse  to  re- 

ductor  laser  pulse  to  reach  the  °Pj*cally  vislbl  rg  roughest  of  industrial  envlron- 

turn  to  a  receiver.  The  1"®*^“'"®"^  ‘"®J®“ts  mainly  Intended  for  measuring  the  thick- 

ments  In  the  Iron  and  a  /'nnv»rter  although  it  can  easily  be  employed  for 

ness  of  the  fire-brick  ®heathing  of  a  convert  r,  The  sheathing  wears  away  during 

distance  measurements  with  respect  to  P®.  bott^  blow  nozzles,  and  it  is  Important  to 

the  life  of  the  converter,  smarted  at  economically  the  optimum 

:i^ni‘?n'n-?"?he’’noI™I  ;hlck‘nrsrcf°?^e  sheathing  1.  lea.  than  I  m.  which  thus  determines 
the  measurement  range  per  measurement  point.  ^ 

Thg  main  problems  in  this  *PP“^**^‘Jg  *hing''and*the"relatively*Tong  measurement  distance 
MOO  ®C)  and  low  reflectivity  of  the  sheathing  and  ine  ”  r  v  averaging  of 

of  about  10-20  metres.  Thus  the  »‘|"-»-‘°;"^‘*ts”'‘°o^®"e»oIu?.'on.  The  desired  resolution 
successive  measurement  results  b«  5  sw^io-value)  and  10  ims,  t*®P*‘’‘‘''*^''; ,  ,Tno 

and  accuracy  of  the  system  were  ®P«clf‘«^  to  ^  5  principle,  but  the  total 

thickness  of  the  sheathing  is  “®‘"’  t.’^out  of  production  for  as  short  a  period  as 

.time  has  to  be  short  so  that  the  COTverter  |  P  apeclfled  to  be  I  sec. 

possible.  The  total  measurement  time  for  a  singiv  kv 
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The  well  known  molry  pressure  sensor,  where  one  grating  is  fixed  and  the  oMif>r 
R>oves  with  the  load,  is  Improved  by  taking  in  account  the  Influence  of  partial  coherence 
effects.  Introduction  of  a  specified  air  gap  between  the  two  gratings  diminishes  drasti¬ 
cally  perturbations  due  to  parasitical  vibrations  of  mechanical  creeping.  Use  of  o|-tical 
fibers  allows  a  local  pure  optical  measure. 

I.-  HOIRS  FRIHCBS  Iti  IHCOHEREWT  LIGHTING. 

It  is  well  known  <l)  that  two  diffractive  2D  transparencies  f^  and  f^f  sltiiared  res¬ 
pectively  in  planes  and  n  and  lighted  by  a  wide  Incoherent  source  o,  give  In  a  plane 
an  intensity  distribution  which  depends  of  the  STATER  OF  PARTIAL  COHRRFNCR. 

The  theory  of  partial  colierence  12)  gives  at  point  O3  an  intensity 

1(0,1=  /f/J  .  dRj  (I) 


IB  Hi.  mutual  cnhatanr.!  betwe.u  tlie  ainrigcnt  vibtatloiis  at  points  Rj  atid  Rj  In  platm 
c  tha  Hqllt  veloolty  and  a,,  Sj,  Ij  the  dlatancea  repreaented  on  Plqiire  1. 


Flg.l.-  Hoir*  fringes  in  partial  coherence. 


If  i-^'Nr  R  — ^ Is  the  Incident  mutual  coherence  at  plane  we  have  the 

I '  2  c 


(R,,B,,-— i) 


-  fjlR,).  rj(Rj)l*'’(R,.Rj.  — f-i  > 
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The  t ime-of-f 1 ight  (TOF)  laser  rangefinding  technique  has  recently  found  many  applications 
for  industrial  measurement  purposes.  The  electronics  of  a  rangefinder  can  be  separated  from 
the  sensing  head  using  optical  fibres.  In  spite  of  many  advantages  such  as  non-sensitivity 
to  demanding  environments,  optical  fibres  also  introduce  some  potential  measurement  errors. 
To  analyre  the  effects' on  performance  of  using  long  optical  fibres  in  pulsed  TOF  rangef i nding , 
»  oxperimontal  laser  rangefinder  intended  especially  for  the  measur“ment  of  to-and-fro 
..ion  was  developed.  The  rangefinder  has  a  separate  optomeclianical  sensing  head,  which  is 
-C-onnected  to  the  electronic  unit  by  a  shielded  cable  containing  the  transmitter  and  receiver 
fibres.  The  transmitter  has  a  pulse  repetition  rate  of  1 .  .1  Mllz  and  the  receiver  includes  a 
high  speed  t rans impedance  preamplifier  and  automatic  gain  control  electronics,  hn  analogue 
t ime-to-ampl i tude  converter  is  employed  to  obtain  high  speed,  high  resolution  measurement. 
The  performance  of  the  rangefinder  with  different  fibre  lengths  is  analysed  here,  coiiccn  i 
trating  mainly  on  the  resolution  and  differential  non-linearity,  the  integral  non-linearity 
being  of  les.s  significance  due  to  the  AC  nature  of  the  measurement. 

I.  INTRODUCTIOM 

The  time-of-f 1 ight  (TOFI  laser  rangefinding  technique  has  recently  found  many  applications 
in  the  field  of  industrial  measurements,  e.g.  the  automatic  jontrol  of  robots  and  manipula¬ 
tors'”^,  ID-image  acquisition^  and  level  control  measurement  .  Amonq  the  special  require¬ 
ments  that  are  often  encountered  in  practical  measurement  situations  are  high  spe-'d,  high 
resolution  and  the  ability  to  measure  distances  from  passive  targets  as  well.  of 

th.,  ..|..cnonic  unit  of  the  measuring  device  from  its  optomechanical  sensing  head  is  also  of 
great  impcrtance  in  some  applications  due  to  environmental  hazards,  including  the  presence  of 
expiesives,  for  example.  In  many  cases  a  t ime-of-f light  laser  rangefinder  can  be  employed 
provided  that  the  optomechanical  sensing  head  is  connected  to  the  electronic  unit  via  optical 
f ibres . 


the'  sensor  using  short  (2  ml  and  long  (20  ml  fibres,  concentrating  mainly  on  the  resolution 
and  dif  fei«>ntial  non-linearity,  the  integral  non-linearity  being  of  less  significance  due  to 
the  i\c  nature  of  the  measurement. 


2.  CONSTRUCTION  OF  THE  RANGEFINGER 

A  block  diagram  of  the  laser  rangefinder  is  presented  in  Figure  I.  It  consists 
functional  blocks:  the  optics,  transmitter  channel,  receiver  chaiinel  and  time  inter 
urement  unit.  The  sensing  head  is  entirely  optomechanical  and  its  size  is  16  x  i 
The  electronic  part  of  the  sensor  is  located  in  a  standard  19  case. 

A  block  d-'agram  of  the  transmitter  channel  is  shown  In  Figure  2.  The  transmitte 
tronics  generate  short  current  pulses  (FWIIH  about  6  ns.  amplitude  1.3  A1  for  the 
OH  laser  diode  at  a  constant,  crystal  controlled  repetition  rate  of  1.3  MHz.  The 
pulse  repetition  rate  (PRR|  is  employed  in  the  tlme-to-ampl itude  conversion  (TACI. 
output  power  of  the  i.n  is  500  mW  from  the  fibre. 

Short  current  pulses  for  the  I.D  are  generated  using  an  avalanche  transistor  dri 
cuit.  The  START  timing  information  is  obtained  directly  from  the  current  pulses  dr 
l.p  b)  means  of  .m  RCI.  line  driver  acting  as  a  comparator  and  is  then  quided  to  the 
amplifurf**  cnnv»r^pr  via  a  coaxial  cable. 
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The  use  of  a  fiber-optic  Mach-Zehnder  interferometer  to 
meassure  temperature  and  pressure  is  described.  The  pressure  and 
temperature  changes  are  observed  as  a  motion  of  an  optical 
interference  fringe  pattern.  Values  are  calculated  for  the 
pressure  and  temperature  from  the  fringe  motion. 


Introduction 

Pressure  and  temperature  are  two  connected  grandeurs.  Ve 
present  a  study  to  measure  simultaneous  by  Pressure  and 
Temperature  In  a  same  environnement .  The  phase  of  the  light 
leaving  a  fiber  can  be  changed  by  dimensional  and  Index  of 
refractica  changes  in  the  fiber.  Then,  if  one  fiber  Is  subject  to 
a  different  strain,  pressure  (and  temperature),  temperature  (and 
pressure),  than  the  other,  this  difference  appears  as  a 
displacement  of  the  fringes  and  can  be  measured  by  this 
di splaceihent .  This  is  a  basic  principle  of  the  fiber-optic  strain 
gauge . 

In  this  paper  we  present  the  method  and  the  system  for  pressure 
and  temperature  simultaneous  measurement  and  we  present 
experimental  results  confirming  our  approch. 
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ABSTRACT 

Tho  paper  refers  to  flow  problems  on  gates  already  built  in  Crestuma-I,ever  power  plant. 
Vibration  problems  are  mentioned  and  the  interest  of  the  knowledge  of  the  way  the  flow 
develops  on  the  upper  and  lower  parts  of  the  gates  is  showed.  Laser  Doppler  measuring 
technique  is  generally  described  and  Laser  Doppler  measurements  around  gates  are  presented. 

1.  IWTR00UCT20M 

Gates  are  an  importiaiit  part  of  many  hydro-structuren.  Extensive  work  has  been  carried  out 
in  the  past  in  order  to  determine  flow  discharge  rates.  Empirical  coefficients  normally 

described  as  a  function  of  water  heights  at  different  longitudinal  stations  enable 

constructors  of  gates  to  design  flow  obstacles  without  regarding  the  complex  structiir#*  of 
tlie  generated  flow  field.  Questions  in  connection  with  these  type  of  f.loware  the  arcuiacy 
f  the  discharge  coefficients  stability,  effects  turbulence  characterlst  Irs  of  the  resul  t  ant 
ilow.  To  address  these  questions,  flow  field  Information  as  velocity  di5tributloi»  and 
recirculating  flow  regions  definition  is  required.  Laser-Doppler  anemometry  measuring 
technique  characteristics  make  it  extremely  useful  in  this  research  field. 

In  section  2  of  this  paper  gate  flows  are  described  and  practical  problems  of  Crrstuma- 
-Lever  power  plant  gates  are  referred.  Laser-Doppler  anemometry  general  principles  are 
presented  in  section  3  and  data  concerning  measurements  in  gate  flows  are  available  in 
section  4.  In  section  5  conclusions  and  final  remarks  are  given. 

2.  GATp  FLOWS 


Cate  fjow  cJjarjK;teri_st.ic^ 

III  many  fields  of  Hydraulic  Engineering  gates  are  used  in  order  to  control  discharges  and 
water  supplies  and/or  to  regulate  the  depth  of  waters  in  rivers,  lakes,  water  reservoirs, 
and  so  on.  Hence  gates  are  art  iisportant  part  of  many  hydraulic  structures  as  for  example 
dams  and  it  is  therefore  necessary  to  i'now  the  criteria  for  their  design  and  constrnrtion.  This 
requires  the  forces  acting  on  them  to  be  known.  Hydrostatic  aqd  hydrodynamic  forces  have 
tfy  l»c  taketi  into  account  for  the  design  work.  A  detailed  study  of  literature  shows  that 
ample  knowledge  exists  as  far  as  hydrostatic  forces  are  concerned.  However  knowledge  is 
still  lacking  in  many  fields  where  time  dependent  flow  forces  on  gates  are  exper ienred .  Many 
research  efforts  are  presently  under  way  to  get  a  deeper  insight  into  flow  conditions  and 
modern  methods  of  hydrontechanics  for  detailed  investigations  of  gate  flow  interaction  are 
sed  in  order  to  establish  general  information  transferable  to  hydrostructures. 


Coherent  osej  nations  of  a  flow  causing  unsteady  loading  of  structures  n-  cur  In  a  great 
variety  of  situations  and  most  of  these  oscillations  depend  on  the  types  of  structure  and 
flow  involved.  Vibration  problems  of  gates  have  been  in  practice  and  in  theory  studied  in 
pr«»lotypes  and  liydraul  Ic  models  with  the  objective  of  trying  to  obtain  enough  information 
applicable  to  design  criteria.  Different  vibrating  modes  of  gates  have  been  analysed  and 
repor  ted  by  Kolkman  (19791  concerning  mechanisms  involving  f  luctuat  i ng  discharges . Stahl  1 i t y 
of  rmtvflhie  gates  concerning  their  lower  edge  shapes  have  been  studied  (Vrijec  19791  and 
i  and  remedy  of  vibration  of  high  head  gates  have  been  also  reported  (Saxena, 
Voiika!  fir.imn ,  Pamanathan  and  SinnarkacI  .  Earlier  studies  on  gate  flows  by  Naudascher  on 
flow  iiirhi<-ed  forces  on  fixed  gates  ate  worth  to  be  mentioned  as  well.  Flow  configurations 
around  gates  depend  on  many  parameters  but  normally  a  recirculation  region  resulting  from 
flow  >;eparatlon  exists  on  the  gate  bottom  and  high  shear  can  be  detected  within  the  flow. 
The  ‘5o|{.i;tive  amplification  characteristic  inherent  to  all  shear  flows  leads  to  flow 
f  I  uri Hat ifuis  tha t  are  nearly  periodic  during  an  Initial  period  of  transition  for  Reynolds 
nmnhnrr.  ne.ir  a  crlt.lral  value.  At  higher  Reynolds  numbers  if  an  additional  control  exists, 
geneiaj  tendency  to  turbulence  can  be  overcome  and  a  nearly  periodic  flow  induced  excitation 
may  arise. 


The  rriM’ar  Jayef  originated  by  the  separation  of  the  flow  underneath  a  gale  develops 
p<M  i'Miir  •Midulatinns  causing  vortices  to  be  shed  from  the  gate  at  a  certain  convect i on  speed. 
Tlie-je  fuidu  I  at  inns  or  voiMces,  would  induce  vibration-exciting  forces  If  sustained  by  a 
convenient  mechanism,  which  ran  control  the  randomly  fluctuating  flow.  The  knowledge 
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ABSTRACT 

Laser 'Doppler  neasuresents  of  the  velocity  characteristics  of  the  flowfield  resulting 
from  the  ispingesent  of  single  and  twin  jets  against  a  wall  through  a  low  veloi-ity 
crossflow  are  presented  and  diacuased  together  with  visualization  of  the  flow. 

The  study  provides  a  basis  to  inprove  the  understanding  of  the  physical  mechanisms 
acting  in  practically  relevant  flatus  such  as  the  flowfield  created  underneath  a  vertical 
take-off  aircraft,  as  <well  as  reliable  data  to  evaluate  the  numerical'  solutions  of  the 
equations  of  motion  which  use  turbulence  models  In  order  to  predict  this  type  of  flew. 

MOHaCLATURB 


D  -  Diameter  of  the  jet 
H  -  Height  of  the  crossflow  channel 

k  -  Turbulence  kinetic  energy 
Re  -  Reynolds  number 

S  -  Distance  between  the  centre  of  the  jets  along  transversal  direction 
U  -  Horizontal  velocity,  U  •  V  *  u* 

V  -  Vertical  velocity,  V  «  V  ♦  v* 

X  -  Horizontal  coordinate  (positive  in  the  direction  of  the  crossflow,  i.e.  upstream  to 
downstream) 

Y  -  Vertical  coordinate  (positive  in  the  direction  of  the  jet  flows,  i.e.  downwards) 

Z  -  Transverse  coordinate  (zero  at  central  plane;  positive  in  the  direction  towards  the 

lateral  walls)  f  ^ 

Subscripts 

j  -  Jet -exit  value 

o  -  Crossflow  value 


1.  iifmooucTiow 

The  flow  of  multiple  impinging  jets  through  a  crossflow  is  typical  of  many  engineering 
situations  and,  in  particular,  of  the  flowfield  beneath  a  vertical/short  take-off  and 
landing,  V/STOL,  aircraft  close  to  the  ground.  There,  the  lift  jets  interarl  strongly  with 
the  ground  plane  and  with  the  crossflow,  forming  a  ground  vortex  that  wraps  aiound  the 
impingement  regions  and  an  upwash  fountain  resulting  from  the  collision  of  the  wall  jetb; 
these  phenomena  can  lead  to  engine  thrust  losses  following  re-lngestion  of  the  exhaust 
gases,  to  oscillations  in  the  pitching  and  rolling  moments  and  to  enhanced  entrainment 
close  to  the  ground.  Therefore,  the  successful  development  of  V/STOL  aircraft  incluiulogy 
depends  upon  the  knowledge  of  the  physical  mechanisms  acting  in  the  three -dimens i ona 1  flow 
field  beneath  the  aircraft  in  ground  effect. 

Detailed  measurements  of  typical  single  and  twin  jets  against  a  wall  through  a  low 
velocity  crossflow  are  then  essential  to  improve  understanding  of  the  structtire  of  the 
comparatively  more  complex  practical  flowfieids  and  to  allow  the  validation  of  numerical 
methods  used  to  simulate  those  practical  flows.  Towards  these  objectives,  a  rtew  sol  of 
mean  velocity  and  turbulence  data  on  axisytmnetric  single  and  twin  impinging  jets  through  a 
crossflow  are  presented  here. 
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ABSTRACT 

A  low  f'ost  laser  Doppler  velocity  eeasuring  systeii  has  been  developed,  and  is  described 
in  this  paper.  The  principles  of  period  •easurina  instrunents  are  reviewed  and  the  system 
parameters  important  to  the  measurement  are  considered.  It  Is  shown  how  the  parameters 
may  ho  ad-justed  to  allow  the  development  of  a  relatively  low-cost  instrument  which  does 
not  have  the  high  performance  characteristics  of  some  commercial  instruments,  but  which  is 
more  than  adequate  in  performance  for  most  industrial  applications. 


1.  IMTROPOCTION 


In  1964  it  was  suggested  by  Yeh  and  Cummings^  that  the  velocity  of  a  particle 
determined  by  measuring  the  frequency  shift  In  light  scattered  as  a  partlcl^e  or  objec 
passed  through  the  beasi  ot  a  laser.  It  was  shown  thsl  the  ■easiiresent  ot  the  frequency 
shift  could  be  sehieved  by  nlxlnq,  on  the  surface  of  a  square  law  detector,  the  frequency 
shifted  liqht  with  light  having  .ro  frequency  shift.  Electronic  square  lawr  detectors  do 
not  respond  to  optical  frequencies,  and  thus  they  act  as  low-pass  filters  and  so  » 

difference  frequency  output  proportional  to  Doppler  shift,  along  with  a  signal  cosponent 
at  T.oro  frequency. 

Since  this  early  work  there  have  been  nany  reflnenents  to 
developsent  occurred  in  1970  when  Masonder  and  Wankue^  proposed  the  dual  ^  f  in 

This  has  a  very  specific  advantage  over  other  syste.s  since  the  observed  difference  in 
Soppier  shift.  Independent  of  the  position  of  the  observer,  snd  consequently  the 

setting-up  of  the  syatee  becoses  relatively  eesy. 

The  eeasuresent  of  the  Doppler  ehlft  poses  prohle.s 

■smsmsimimrsm 

t.hff  laser  beams. 

Tcchuiques  Which  -ve  t^n  ...1  - , s^VruS "  o  "rjs:, sSi^’u^r-wiTss;';} 

analysis’-''  an.l  f -„'.’l  analysis  on  s  coseercisl  basis  is 
niraUvTl^ce^r^’  hlr  the  dev.lop.ent  of  digital  signal  processing 

ri.e  authors  have  been  involved  with  ‘h'  ‘hi  ^J^pHclt  lo"  oT'lhe 

seasurcoent  in  laser  Dopp^r  systees  for  e  -jf  A  ™riod  measuring  systems®.  This  has 

priritC'l  circuit  board. 

The  laser  Doppler  velocl.eter 

proved  useful  ^^.^^^"-"'^^'^^’'"devolopment.  of  the  .sppllcstion  -f 

nsf  rum^ntat  ion  1»  n  >t  ;»valiar>ie.  ^  .a  __  their  development  in  tbe 

h„pp,er  .system,,  in  -dust ry  ha,  been  f  ^g  th'  '-^ 

:ir"'Th:"^ec3quri.  ^e!stlve'ly  n^.  slid  thire  is  s  reluctance  by  industry  to  Introduce 
un  ^xrre  :??rr.ocl.t.d  r.distlon  problem,,  h..  b..n  .  C.U..  for  some 

;ji!'  EfrrT  co"nVlXr!’h^7  ->•"  "PP'vlng  l«..r  Doppl.r 

systems . 

„r.ler  to  extend  the  application  of  the  laser  Doppler  measurement  system  to  sore  than 
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ABSTRACT 

Laser  based  visualization  of  the  flow  and  laser-DoppJer  measurements  of  mean  and 
turbuient  velocity  characteristics  are  reported  in  the  developing  region  of  the  r-actlng 
and  non-reacting  swirling  flows  of  a  modal  of  an  industrial  osy-fuel  burner.  Th(;  burner 
consists  in  a  central  asysimmetric  swirling  jet  surrounded  by  sixteen  circular  jets, 
simulating  the  injection  of  oxygen  in  practical  burners.  The  experiments  have  been  carried 
out  to  investigate  the  three-dimensional  characteristics  of  the  near  burner  region,  the 
flame  structure  and  the  process  of  flame  stabilization  and  show  the  efficiency  of  laser- 
based  diagnostics  to  study  the  aerodynamics  of  Industrial  burners. 

The  results  suggest  that  the  flame  may  be  represented  by  laminar  flamelet  concepts  and 
that  the  flew  becomes  axlsymmetrlc  upstream  of  one  central-jet  diameter.  The  stabilization 
of  the  flame  occurs  in  the  vicinity  of  the  quarl,  away  of  the  central,  swirl-driven 
recirculation  zone.  The  effect  of  swirl  is,  however,  essential  to  improve  turbulent  nixing 
and  to  decrease  the  entrainment  of  ambient  air  into  the  quarl. 


1.  lUnODUCTlOH 

The  use  of  laser-based  techniques  for  making  measurements  in  combustion  systems  has 
become  wide  spread.  Useful  reviews  of  the  lasers  available  and  the  various  optical  methods 
that  have  been  used  to  measure  velocity  and  scalar  characteristics  have  been  provided, 
among  others,  by  references  1  to  5.  Although  many  of  the  new  techniques  can  be  used  tor 
measurements  in  development  engines  and  combustion  chambers,  in  practice  the  techniques 
have  found  more  use  for  measurements  in  laboratory  combustors  and  flames  due  to 
difficulties  of  providing  optical  access.  In  general,  however,  the  design  of  combustion 
chambers  continues  to  be  based  on  extrapolation  of  experience  gained  from  their  use. 
Improved  design  of  combustion  equipment  requites  extensive  mapping  of  the  flow  and  scalar 
fields  in  order  to  develop  an  adequate  understanding  of  the  complex  coupling  that  occurs 
between  the  fluid  mechanics  and  the  chemical  reaction,  heat  transfer  and  other  physical 
phenomena  involved.  This  baoer  deals  with  the  application  of  laser  diagnostics  to  improve 
knowledge  of  the  aerodynamics  of  multi-jet  swirl  burners  commonly  used  in  large  glass 
melting  kilns. 

Multi-jet  burner  head  configurations  have  been  preferred  to  single-jet  geometries  in 
oxy-fuel  burner  installations,  since  they  improve  the  mixing  efficiency 
improving  combustion  efficiency,  e.g.  161,  |7|.  Their  design  has,  however, 
exclusively  on  empirical  methods  and  a  comprehensive  study  of  the  Deration  and  basis  for 
the  optimization  of  multi-jet  swirl  burners  has  not  been  published.  Further,  the 
properties  of  swirl-stabilized  flames  have  been  shown  to  be  affected  by  the  amount 

of  heat  released  and  by  the  specific  location  of  where  heat  is  released  with  respwt  to 
the  recirculating  velocity  field,  e.g.  and,  therefore,  knowledge  of  the 

aerodynamics  of  the  burner  flows  is  essential  to  optimize  their  geometry.  To  achieve  thse 
objectives,  together  with  the  requirements  for  highly  accurate  results  in  difficult 
combusting,  recirculating  environments,  laser-based  diagnostics  are  the  most  suitable 
ttfchiliquos  to  be  used. 

This  work  reports  laser-bas-d  visualization  and  laser-Doppler  measurements  of  reacting 
and  isotherma[!Ton-r«ctlng,  flows  for  pratically  relevant  conditions  in  a  laboratory 
burner,  which  is  a  model  of  the  oxy-fuel  burner  used  in  the 
studied  by  (ill.  The  experiments  follow  those  of  (121  for  non-reacting 
characteriL  the  three-dimensional  behaviour  of  the  " 

structure  and  the  process  of  flame  stabilization  for  the  present  configuration. 

The  following  section  presents  the  experimental  method  and  describes  in  ^h® 

flow  configuration  and  the  ^laser-Doppler  veloclmeter.  Section  3  presents  and  discusses  the 
results  and  the  last  section  summarizes  the  main  findings  and  conclusions. 
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ABSTRACT 

All  Optical  system  has  been  developed  for  measuring  the  slippage  of  a  flexible  fan- 
belt  in  an  automobile  engine*  The  system  is  based  on  the  laser  Doppler  effect  and  measures 
the  diLfercnce  In  angular  velocity  of  two  bodies,  rotating  at  almost  the  same  speed.  Using 
a  differential  principle,  the  system  output  is  independent  of  pulley  eccentricity,  belt 
deformations  and  engine  vibrations. 


1,  INTRODUCTIOM 


To  ensure  long  lifetime  of  the  flexible  fan-belt  in  an  automobile  engine  it  is  impor¬ 
tant  to  avoid  slippage  between  the  belt  and  the  pulleys,  between  which  it  transfers  power. 
The  belt  is  subject  to  a  time-varying  moment  from  the  engine,  as  well  as  to  strongly  time 
varying  load,  dependent  on  the  number  and  nature  of  devices  driven  by  the  belt. 


Slippage  can  be  expected  to  be  most  likely  for  four-cylinder  engines  with  variations 
in  power  delivered  during  a  cycle,  loaded  with  large  one-cylinder  hydraulic  pumps  with 
very  uneven  load.  The  slip,  in  a  given  situation,  probably  depends  on  the  surface  finish 
of  the  pulley,  materials  properties  of  the  belt,  the  mating  between  belt  and  pulley  as 
well  as  of  the  belt  tension.  For  these  reasons,  it  is  of  interest  to  be  able  to  measure 
slippage  on  engines  in  test  stands  as  well  as  in  assembled  cars.  The  Interesting  range  of 
slip  Is  below  l\,  since  values  above  this  produces  a  clearly  audible  noise. 


To  be  really  useful,  a 
or  no  special  preparations, 
istlcs  can  be  provided  by  a 


system  should  allow  measurements  on  standard  parts  with  little 
and  without  the  need  to  attach  special  encoders.  These  character 
laser  optical  method. 


2.  MEASUREMENT  PROBLEM 

The  measurement  of  slip  in  the  present  situation  has  a  number 
len-s  which  “.rL  appreeiatea  with  the  aid  of  Fig.  1.  The  belt,  which  Is  flat  and  has  a 
thickness  of  6  mm,  rests  in  grooves  of  a  pulley  of  diameter  between  Id  and 
the  surface  of  contact  between  the  belt  and  the  pulley,  where  the  slip  occurs,  is  inacces 
sible  from  outside,  it  is  convenient  to  define  the  slip  as 

s  =  (n,  -  0,  )/ a,  *** 

b^s^cron  mLsurc:en"t“orthr:eIoc!ues  of  the  outef  surfaces  of  belt  and  wheel,  which  are 
easily  accessible  from  outside.  These  surface  velocities  are  given  by 


=  R 


(2) 


=  (R  ,  +  rt  R)  n, 

where  Rj  Is  the  pulley  radius  and  *R  the  protrusion  of  the  belt  above  the  rim  of  the  pulley. 
The  slip  is  basically  calculated  as  a  small  difference  between  the  l«de  quantl^ 

ties  u  and  \  which  must  ,'’if mus^^ll^ 'hnod  The  dl^^nsioL 

moasuriment  of  the  surface  T1  j  simply  not  possible  with  the  re^ulr- 

AR.For  an  engine  assembled  by  f ,  and  hence  «R  will  vary  with 

cd  accuracy.  Since  the  flat  belt  is  flexible,  its  tnicne  ,  Although  it 

hard  to  maintain. 
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simultaneous  measurements  of  particle  velocity  and  size 
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ABSTRACT 


Laser  Doppler  veloclraetry  (LDV)  Is  a 
well-established  technique  for  making 
non-lntruslve  measurements  of  particle 
velocities  In  a  wide  variety  of  situations. 
However,  the  particle  velocities  so  measured 


much  more  straightforward.  The  principles  o) 
this  method  and  Its  strengths  and  limitation; 
will  be  discussed.  In  particular,  although  :i 
principle  the  method  Is  restricted  to  cases 
where  the  particles  or  droplets  are  nearly 


are  often  much  more  useful  If  the  sizes  of  thespherlcal,  evidence  will  be  presented  to  shot 
Individual  particles  measured  are  also  known,  that  this  restriction  can  be  relaxed  If  the 
While  It  Is  possible  to  analyse  standard  LOV  data  Is  processed  suitably.  It  will  be  showt 
slgr-ls  to  obtain  measurements  of  particle  that  as  a  by-product  of  this.  It  Is  also 

slzl  simultaneously  with  those  of  particle  possible  to  extract  Information  about  the 

loclty  In  some  circumstances,  this  method  Isdegree  of  sphericity  of  the  material  studied, 
olfflcult  to  use  on  a  routine  basis.  The  Finally,  application  of  this  technique  to  a 
recent  extension  of  LDV  usually  known  as  the  number  of  industrially  important  flows  will  1 
phase-DoppZer  technique  has,  however,  made  considered,  and  some  of  the  problems 
simultaneous  size  and  velocity  measurements  encountered  will  be  described. 


1,  INTRODUCTION 


Laser  Doppler  velocimetry  (LDV)  techniques 
are  well-established  for  making  measurements 
of  velocities  of  particles  and  droplets  in 
flow  systems.  In  the  simplest  instrument,  a 
laser  beam  Is  divided  to  produce  two  parallel 
beams,  which  are  then  focussed.  They  cross 
over  at  the  focal  point,  and  interference 
fringes  are  formed  in  the  Intersection  region, 
usually  known  a.s  the  probe  volume,  as  shown  in 
the  lower  part  of  Figure  1.  A  particle 
travelling  through  this  region  scatters  light 
from  the  bright  fringes  only.  When  the  light 
Is  ■  lected  and  detected,  this  generates  an 
oscillating  signal  similar  to  those  shown  In 
ure  3.  The  velocity  of  the  particle  can  be 
liTterred  from  the  frequency  of  the  signal. 

There  are,  however,  many  circumstances  in 
which  It  is  useful  to  know  not  only  the 
overall  velocity  distribution  for  the 
particles,  but  also  how  the  velocity 
distribution  changes  with  particle  size. 

This  information  can  only  be  obtained  if 
particle  size  can  be  determined  from  an 

2.  PRINCIPLES  OF  THE 

Tlie  phase  Doppler  method  relies  on  using 
two  (or  more)  detectors  at  slightly  different 
angles,  and  comparing  the  signals  from  them. 

In  practice,  It  Is  convenient  to  use  an 
arrangement  such  as  that  shown  In  figure  1. 

•:  A  mask  witli  two  or  three  slits  Is  placed 
•  close  to  the  collection  lens.  The  light  from 
'  each  slit  can  be  detected  separately  if  a 
'suitable  optical  arrangement  Is  used,  and  the 
‘  signals  collected  from  each  slit  can  be 
I  compereti. 

t  Now  consider  what  happens  when  a  spherical 


instrument  which  measures  Individual  partlcl' 
velocities,  sucli  as  a  particle  counting  lase 
Doppler  veloclmeter.  It  obviously  cannot  be 
obtained  if  a  separate  instrument  such  as  a 
Malvern  Instruments  diffractometer  is  used 
for  particle  sizing. 

Size  information  can  be  obtained  from  the 
simple  LDV  system  described  above  by  using 
the  depth  of  modulation  (visibility)  of  the 
signal.  This  technique  has  the  drawback  tha 
It  Is  not  easy  to  use,  and  it  Is  often  the 
case  that  the  measurements  made  are  not  easy 
to  Interpret.  Alternatively ,  measurements  o 
the  signal  amplitude  can  be  used,  but  in  thl: 
case  careful  calibration  Is  required  and 
attenuation  of  the  laser  beams  and  scattered 
light  is  a  serious  problem.  If  the  particle, 
are  more  or  less  spherical,  however,  a  much 
more  straightforward  method  exists.  This  Is 
the  phase-Doppler  method,  developed 
Independently  by  Bachalo*  and  by  Buchhave*. 
This  method  will  now  be  discussed. 

PHASE  DOPPLER  METHOD 

particle  passes  through  the  probe  volume. 
Figure  2  (a)  shows  the  deflection  of  a  slngl 
ray  when  it  is  Incident  on  the  particle  at 
three  different  points.  Both  reflection  and 
refraction  of  the  ray  are  shown.  Suppose 
that  the  particle  is  moving  upwards  so  that 
the  three  diagrams  represent  the  situation  a 
successive  times.  It  can  be  seen  that  the 
movement  of  the  particle  causes  the  detlecte 
ray  to  sweep  round,  as  shown  In  figure  2  (b) 
Since  the  ray  Is  swept  through  a  fixed  angle 
as  the  pat  tide  moves  through  It. 
irrespective  of  the  particle  size,  the 
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1.  The  Scenario 

An  understanding  of  the  phenoMenon  of  light  scattering  by  small 
partictes  has  existed  for  more  than  one  hundred  years.  The  application 
of  that  knowledge  to  particle  size  measuring  instruments  has  been 
common  for  more  than  fifty  years.  Many  of  those  early  instruments  were 
based  on  the  scattering  of  white  light,  often  simple  extinction 
measurements.  The  situation  today  is  one  of  widespread  use  of  laser 
measuring  techniques  in  a  wide  variety  of  industries.  Currently  the 
preponderant  use  is  laboratory  based  but  now  is  the  time  that  an 
extension  to  on-line  monitoring  and  control  is  possible  and  will 
certainly  occur.  Three  technologies  which  have  developed  enormously  in 
Hie  past  twenty  five  years  have  made  this  possible.  Those  three 
developments  are  the  laser,  the  optic  fibre  and  the  computer  which 
have  combined  to  completely  revolutionise  both  the  capabilities  and 
the  importance  of  light  scattering  instruments  in  industrial 
appi ical ions. 

The  laser  provides  a  source  of  light  which  is  versatile,  can  be 
intense  and  is  easily  focussed  and  directed.  The  optic  fibre  provides 
a  menus  of  directing  the  light  to  and  from  situations  which  are 
difficult  to  access.  The  computer  provides  the  means  to  process 
complex  light  scattering  calculations  rapidly,  even  in  real  time, 
fhese  three  techniques  can  now  be  combined  and  utilised  to  make  a 
mensuiement  far  faster,  more  accurate  and  useful  than  was  'ver 
possible  tw.-nty  five  years  ago. 

Industries  which  specified  powder  products  by  time  consuming  sieving 
or  sedimentation  techniques  now  buy  laser  scsltering  instruments  which 
produce  in  a  few  seconds  a  beautiful  graphic  display  of  the  full 
particle  kize  distribution.  Modern  industries  which  seek  to  protect 
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MEASUREHENT  OF  THE  VELOCITV  AND  SI2E  DISTRIBUTION  OF  DROPLETS 
ANO  OF  THEIR  SIATISTICAL  CORRELATION 
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ABSTRACT 

Although  the  eelhods  used  to  eeasure  the  velocity  and  si2e  of  aoving  particles  are  very  different 
and  hence  aake  use  of  separate  apparatus,  it  is  often  possible  to  obtain  both  inforaation 
siaultaneously.  The  basic  equipaent  requested  for  this  technique  is  a  standard  laser  doppler  aneaoaeter 
to  vhich  tuo  slight  aodifications  are  brought;  the  photoaultiplier  is  set  so  as  to  vieu  the  aeasuring 
voluae  at  right  angles  and  its's  pin-hole  is  replaced  by  a  slit.  In  these  conditions,  the  electrical 
output  of  the  photoaultiplier  can  be  best  interpreted.  The  statistical  correlation  between  the  velocity 
fluctuation  of  the  particle  and  that  of  its  diaaeter  is  obtained  by  coaputing  the  joint  probability 
de-  'ty  function  of  these  variables  froa  the  probability  density  of  the  velocity  and  the  conditional 
ouability  density  of  the  peaks  of  the  envelope. 

This  aethod  does  not  require  auch  investaent  on  the  optics  which  is  standard;  the  effort  is  however 
transfered  to  the  electronics,  data  acquisition  and  digital  processing.  Although  it,  is  at  present  less 
accurate  than  those  base  on  Fraunhoffer  diffraction  and  gives  relative  values  since  it  aust  be 
calibrated,  it  has  the  advantage  to  yield  the  velocity  and  size-velocity  correlation.  Moreover  the 
electronics  can  still  be  ieproved  and  the  processing  speed  increased  by  the  use  of  a  fast  coepiled 
language. 


I.  INTRODUCTION 

The  wetrology  of  fluid  dynanics  seees  to  have  been  one  of  the  eosl  successsful  applications  of  laser 
technology,  Thil  is  due  to  the  fact  that  the  exploration  of  flows  by  this  aethod  is  non  * 

-ot  the  case  vt'h  traditional  instruaents  such  as  pitot  tubes  and  hot  wire  aneaoaeters.  The  very  nature 
of  the  laser  which  concentrate  coherent  light  on  a  nearly  parallel  be,., 

•akes  it  possible  to  use  low  energy  generators,  Moreover  the  analysis  of  the  light  scattered  by 

particles  (provided  that  they  are  spherical)  is  sinpler.  ,  .  . 

Ihe  Laser  Doppler  Aneaoaetry  is  probably  the  first  laser  technique  used  for  yeloci  y  aeasureaents. 
At  its  earlier  stage,  only  one  coaponent  of  the  aean  velocity  vector  was  aeasured  but  this  was  soon 
ex  fed  to  two  coaponents  by  using  a  two  color  laser  beaa  and  now  to  the  fluctuating  velocities  in 

'‘’aI though “'iV  was  well  known  that  the  light  scattered  by  .owing  particles  contained  inforaation 
concerning  their  size,  it  is  only  later  that  aethods  were  proposed  to  ^ 

phototransducer  output.  These  aethods  fall  into  two  classes;  the  firs  is  based  ^ 

Visibility  of  fringes'  and  is  only  valid  lor  particles  with  dia.elers  not  loo  different  fro.  the  value 
of  the  interlringe  (FARMER  »).  the  second  one  draws  the  size  fro.  the  pedestal  signal 

The  aethod  described  here  belongs  to  this  last  technique.  It  has  been  retained  because 
signal  is  obtained  fro.  a  standard  L.O.A  apparatus  only  slightly 

influence  of  the  paths  of  the  particles  on  the  phototransducer  output.  The  latter  is  conditioned  in 
order  to  to  separate  inforaation  relevant  to  velocity  froa  that  relative  to  size.  The  two  resulting 
signals  are  then  processed  to  yield  the  various  data  concerning  velocity  and  size. 
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ABSTRACT 


TliP  features  and  principles  of  operation  of  a  phase-Dopplei  Instrument  for  in-si tu 
optical  measurements  of  size,  velocity  and  concentration  ate  described.  Examples  of 
typical  measurement  results  from  several  different  applications  are  presented. 


1.  INTRODUCTION 


Particle  sizing  instruments  are  used  in  many  areas  of  applied  science  and 
engineering,  in  ttie  fields  of,  for  example,  fuel  nozzle  development,  combustion 
e  ineering,  cavitation  research  and  particle  monitoring  there  is  a  need  for 
iv-.iintrusfve  measurements  of  particle  dynamics;  size,  velocity  and  concentration 
"^distr i butiops .  Optical  instruments  are  r.onintrusive  and  provide  the  capability  of 
accurate  measurements  witli  high  temporal  and  spatial  resolution. 

Instruments  for  combined  size  and  velocity  measurements  based  on  extensions  to  an 
LDA  (Laser  Doppler  Anemometer)  have  been  under  development  for  many  years.  The  recent 
Introduction  of  the  PDA  (Particle  Dynamics  Analyzer  or  Phase  Doppler  Anemometer) 
represents  a  major  Improvement  in  the  quality  and  reliability  of  these  instruments.  . 
Compared  to  previous  LDA  based  particle  sizing  instruments  the  PDA  )ias  a  numbet  of 
advantages:  very  wide  dynamic  range  from  micrometer  to  millimeter  sized  particles, 
liigli  accuracy,  in-situ  calibration  unnecessary  and  insensitivity  to  optical 
disturbances.  Tliese  characteristics  permit  measurements  to  be  made  in  harsh, 
previously  unmanageable  environments. 

The  PDA  combines  optical,  electronic  and  computet  teclino logics.  The  present  paper 
describes  the  operating  principles  and  features  of  the  instrument.  Scattering  of 
J.asoi  liglit  by  splierical  particles  is  described  as  necessary  for  understanding  tlie  (. 

liasic  piiiM-iples  of  operation.  Additionally  a  metliod  of  concentration  measuicment 
based  on  automatic  cliaractorisation  of  the  znstrumcnt.s  measurement  cross  section  is 
described.  Tlio  olectronic  portion  of  tlie  instrument  must  measure  the  frequency  and 
phase  of  hlgti  frequency  transient  signals,  which  may  liave  a  large  noise  component  when 
measuring  in  severe  environments.  A  unique  electronic  processor  based  on  correlation 
y  icnsing  techniques  has  been  developed  for  this  purpose.  The  operating  principles 
,ind  features  of  the  electronics  are  described. 

Lastly  measurement  results  from  several  different  applications  are  presented. 


2.  MEASUREMENT  PRINCIPLES 

2.1  Lusei.  Dopplet_Miomometij^  The  operating  principles  of  an  LDA  can  be  easily 
ey.piaiiie'i'usitig'a  simple  fringe  model.  The  output  from  a  continuous  wave  laser  Is 
split  into  two  parallel  beams  which  are  made  to  cross  at  the  focus  of  a  splierical 
lens.  A  set  of  plane  parallel  interference  fringes  with  a  spacing  determined  by  the 
lasei  wavelength  and  tlie  angle  between  the  two  beams  is  produced  in  the  crossing 
I'-jicii.  'Mils  is  the  iii.stiuments  measurement  volume.  Small  particles  in  the  measurement 
voium'-  scatter  light  wliich  is  intensity  modulated  at  the  rate  at  which  the  particles 
p.ass  Hie  fringe  system,  i.e.  the  particles  velocity  component  perpendicular  to  the 
plane  ,,f  (lie  fringes  divided  by  the  fringe  spacing.  The  scattered  light  is  collected  by 
a  spliciical  lens  (often  the  same  l-’ns  as  the  transmitting  lens  tor  a  bacl-.scatter 
oonf  i 'jm  al  i  on  I  and  converted  into  an  electrical  signal  by  a  high  speed  photodetector . 

'i'lic  liequeiicy  of  tlie  electrical  signal,  which  is  proportional  to  the  particle 
velocity,  is  then  measured  with  an  electronic  device. 

i'liis  simple  fringe  model  correctly  describes  the  operation  of  the  LDA.  In  practice 
attention  mii.st  bo  paid  to  such  factors  as  laser  coherence,  mode  structure  and 
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i.  INIRODUCIION 

^  In,',  iil.ll  innAlol  looiMlI.il  inn  ,tli<lio,  of  ,i„pon(lp<l  ,nli<l,  li.ivo  lioon  Flio  snIijorF  of  iii.niy 

^  I  il.lF  inn,  l>,-oaii,,-  111  FI, oil-  i  nipooFanro  in  ,ovoi-.,l  fiol,!,  ,noli  a,  soil  loilinninoy 

w.i,(,.w.i|or  Fi  o.lFiiionF  ,  iiiinooal  ro.  ovory,  wiF.I.  .  oi-ainio,  hoinc),  po,-l,.,p,.  H.o  liosF  kiniwn.  '  lln- 
pli>,|<.,l  (irnpol'F  I,.,  ,,|,-I|  ,|iioi-io,  aro  ,F|-nnc|ly  clopoinlonF  upon  pniFicIo  ,iio,  ,i.o 

•  li  ,Fr  i  liiiF  i  on  ,  ,li,ipo,  oonooiiFraF  ion  ainl  pai'F  •  I  o-par  I:  i  c  I  o  inForocFion. 

III.-  ,>,lom  illnson  I  Hr  Flii,  ,Fii<ly  i,  an  aonooii,  ,n,pon,ion  of  a  pnrFl,oiio,o  k.iiilin  wli«,o 
In  Mt(*  r  i «' i  i  on  i  ««  iit4'pn<lo<1  fnr  i  t  a  I 


Kf»«»  f  i  n  1 1  (• ,  .1  (1 1  till!  t  M  i  (lilt  v  H  i  <»,  occurs  in  Hn*  fnrm  of  fritin  hi‘xO()on.>(  pliWilotK 

Mr  I  l.i)r»r  F  I  or  t-r  opIiorcA  i ««  «»hows  HiaF  trltr  nn«ipi*n<IJ  ntj  o,irFirlr«  nrr  n«'n<'<Mvol\ 

(•ItniipMl,  iitn  i  n  I  >  «i  fr^tiH  nf  inF«*»'naf  i  mprr  frrfr.  i  (>n« .  Sinci*  tin'  Aimpi'oninn  t  u 

itr'ilrnl,  tlto  n«'l  <'linr<|o  mtiAt  hr  compcn«(«»t.e^|  hy  r<it.inn^  wltirh  Ai*r  loi-titf'd  t>n  tltr 

loi-Hiiit<i  t«<|otlior  with  tlir  pfli'ticlr  sni'lnc**,  a  conntri*  Inn  ntiiM*««plt(‘f*o  -  tin* 
n«*(|<iM(r  (hnihli*  Iho  rnd  fnee  dnnblc  foyrri^  »irf*  of  ,i  difrrrrtit  rh,trni‘l  t'r,  t  hr 

fin'iurr  hnin<|  «i  I  inn  I  inn  ttf  I  In'  pH  nC  tho  AtTliiftnn.  In  I'Ai't,  in  «tt*  i  d  rontl  i  t  i  oiiki  (ho  nltp's 
<1  pn'sitivo  chtirtir,  wli  i  rh  cntiftos  n  |<*r  i  r  «ittra«*ti0n  hotworn  oilip'«  nod  l»n«"', 

l.i\nnrin(|  Mm  p«n<  irios  ttt  hr  hrought  tocjrt.hor,  in  other  words^  fro  rioi'rnirtfrr.  Al  h  i  td' 
pH  \.ilnr‘i  Mirrr  i 't  n  non t ra  I  i  z nl  i nn  nr  oh«*irqn  rpvornal  of  the  odprs,  the  rrfniMion  hrrnmos 
i  <ftt  i  f  i  itnil  Find  the  particles  dr  (’ I  ocen  I  ate  . 


Ihr  hoh.ivinnr  nC  riorrufati'd  fsnapnnsions  ha**  hern  Hnrces«rnl|y  rtcnlninrd  in  tooms  n( 
p.irl  i(  I  (•  inforarf  ion  Forrea  and  the  rnrrewpondrnt  aaaociatinn  modon.  Rlu'olopit  it|  and 
'’■t  moidnlion  t  orlin  i  ipn'R  rovoalrd  that  <-(1  low  pH  eduo-Facc  a^«inc  i  at  i  on  »H-rnr*j,  lo.idinj^  to  an 
^  Fii  '.t  i-nt  t  ifl-c  <"c,ii'd  lidiKtr")  nf  lti(|lt  apjwirrnt  vt«iCo«»it>  and  vohtmitHntft  Ardiim>nto  Elovafr.ion  of  pH 
(|i-.idn.ill>  ui.tkon*^  Uio  p.irtirlr  intri'ort i<Hi  with  a  ronwfinent  reduction  in  visro«ity  oihI,  «'vontiK»l  ly, 
coiKliH'Mnii  to  .1  ('(Tiiyvirt  <;4'diiiM'nt . 

II  ho'i  •ilso  boon  .hK  an<r<l  that  in  a  t  l(H'C(dat«»<l  Rn^jiei»«»i«»n,  tin*  l>a«»ir  Flow  nnilM  aoi*  nol  I  Im*  iM'inhtrv 
j'lirl  icl«'*-.  htil  cIiI'aI  ofM  ol  jTiirt  ir  It'S,  cal  It'd  rinrs,  whii'h  <*an  roni>ine  to  fni-'m  apcy'ryntp^,  t^Ihtho 
coni  i(|n>*al  ion  i«A  a  ftHt('ti«Hi  of  tl^'  liK'nl  «Ih'«ii'  tieUI  intonAity. 

In  Mii'i  KiH't  a  iM'w  I  och»ti(|tM',  Iohi'I*  diMrtict(<MT  S|HM‘too.*«(»try,  cnri'cntly  n«od  I'nr  p«M*tirl('  *Aizc  itni)i>^iH, 
is  |'ci*|»n*icd  lo  «;ltKly  I  lie  Moi't'oltif  ion  |Ti'(»cr«^,  lH*rn<|  fi»Hl«i«m'»ital  ly  differmt.  I’rom  tlw*  cla^siciil  method  (»!' 
'icdiitM'iil  .il  iott.  floi't',  the  im'iistn'ofwnt  *1  *w'o  iKnlootahi'n  in  ftpitatod  r<jnditi(»n^  ('n.^)linq,  l<  i^  Iw'licxt'd,  tlw' 
cc‘;o|f'4  Id  Ih*  iwm'o  (iii*o(‘tl)  l•('lnt^d  with  I  ho^o  <d'  t'lH'(»lo9y.  It.  elnHild  h<'  i'ti|>ltast  zed  that  nnapit.ati'd 
«n«(|»oii'.tdn*;,  .t|T|».ir('nl  I >  Atol'lr,  arc  artnally  Fat'  from  titeir  equilihrinm  Atatr.^ 

IldUF'TF  i  ,  in  (Todoc  Id  inlor|v'f*t  tho  ro**((lt^  <ilTtaiiK'd  with  tlw'  alnivi*  trchnitna*,  and  afat»  to  confmoo  Iho 
cc<«ti||‘-.  f*H-  fhi*f  kaolin  with  IIuj'ao  rclccod  lo  itt  I  itocatin’r,  <tl>taiiK*d  via  «»rdimcntat ion,  it  wa*t  di'ciifc'd  tn 
(.HI,  (Mil  a  nimJTor  of  Aodimrntat  i(Tn  tr««l«,  moaHiH'inq  <in(y  tlw*  fifwii  .acdifnrnt  voii*ne9. 

2.  PRINCIPUS  OF  MtASUREMEHl 


la  c»  di  I  fca<  I  i«tn  ‘4|M-(tt(mn'tr>  (1(1S|  is  ti  iKiti- intrusive,  simple  and  Fast  trclMiiiinr,  used  cn««(onl\, 
tMiKa«li\': ,  *  •’  *  l»,H-,H  I  cl*  i  zc  fvtcl  ((  Id'*  divfM'rsfsl  «»itlior  in  I  i«fiiidM  or  a****®  wIwso  n|M»rrtt  iiwf  |w'  iiw'  iplc**  «m*c 
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ABSTRACT 

Deconvolution  of  the  complex  diffraction  patterns  generated  by  laser  inspection  of  a  random  array  of  fineparlicles 
Is  a  widely  used  method  for  characterizing  the  size  distribution  of  the  scattering  fineparlicles.  Interpretive  liyfxttliesis 
used  to  deconvolute  the  diffraction  pattern  use  simplified  assumptions  which  usually  ignore  the  diffracting  effect  of 
structural  features  of  the  fineparticle  profiles.  For  quality  control  and  processing  research  this  is  not  a  serious 
limitation  of  the  methodology.  However  if  one  tries  to  use  these  methods  to  evaluate  the  size  and  concenlraiion  of 
respirable  dust  one  must  adjust  the  data  processing  involved  in  the  deconvolution  to  take  into  account  various 
structured  features  of  the  dust.  In  this  communication  the  effect  of  sharp  edges  and  fractal  structure  in  respirable  dust 
such  as  quartz,  diesel  exhausts,  flyash  and  nuclear  melt  down  fumes  on  the  group  diffraction  pattern  of  a  random 
array  are  discussed. 


1.  fNTRODUCnON 

The  pioneers  involved  In  the  development  of  instruments  for  characterizing  the  shape  and  size  of  fineparlicles 
knew  that  the  information  they  needed  was  present  in  the  group  diffraction  pattern  of  a  random  array  of  liiieparlicles 
to  be  characterized.  However,  before  the  development  of  relatively  Inexpensive  electro-optic  Interfaces,  and 
computerized  data  processing  procedures,  the  fact  that  the  information  was  present  in  the  diffraction  pattern  remained 
an  academic  novelty  except  far  fineparticle  systems  with  a  small  range  of  sizes.  Thus,  over  a  100  years  ago  Young  the 
developer  of  light  diffraction  theory  used  diffraction  patterns  to  measure  the  fineness  of  Australian  wool,  lie 
described  his  instrument  as  an  eriometer  from  the  Greek  word  for  "rvool".  Heywood  In  1947  described  the  use  of  a 
similar  device  for  measuring  the  size  of  blood  cells.  The  invention  of  the  laser  with  conciinent  developments  in 
electro-optic  interfaces  and  low  cost  computer  power  led  to  the  development  in  the  late  t970's  of  several  commercial 
insirumciils  for  sizing  fineparlicles  based  upon  the  deconvolution  of  the  group  of  difiraclion  pallernL7.3.4.  Many  of 
the  significant  features  of  these  commercial  instruments  had  been  anticipated  a  decade  earlier  by  |H.  Tallwt  who 
attempted  to  deconvolute  the  diffraction  pattern  using  relatively  Insensitive  electronic  filtering  circuits^  The 
commercial  importance  of  many  of  the  diffractometers  for  characterizing  fineparlicles  led  to  secrecy  iviih  respect  to  Ihe 
deconvolution  algorithms  used  in  various  instruments.  As  a  conseipience,  it  has  been  difficult  ior  Ihe  scientific 
community  to  evaluate  the  fundamental  accuracy  of  the  various  commercial  instruments^'^.  As  a  consct|uence,  Ihe 
performance  of  many  of  Ihe  commercial  diffractometers  has  been  explored  empirically  by  direct  measurement  of 
distribution  functions  by  different  characterization  procedures^.  The  precision  of  Ihe  commercially  available 
diffractometers  Is  very  high  but  the  accuracy  is  often  unknown.  Diffractometers  have  prove*!  useful  in  studies  where 
Ihe  main  interest  of  Ihe  technologist  is  in  changes  occurring  within  a  fineparticle  population  being  produced  on  a 
commercial  basis.  Thus,  if  one  is  producing  a  powdered  chemical  on  a  routine  basis,  Ihe  size  distribution  of  a  desirable 
product  as  compared  to  one  which  indicates  that  Ihe  process  needs  to  be  adjusted  can  readily  be  ascertained.  In  general, 
Ihe  deconvolution  algorithm  interpret  the  diffraction  pattern  in  terms  of  spheres  of  equivalent  .scattering  size,  it  is 
assumed  that  one  only  needs  to  concern  oneself  with  the  central  maximum  of  Ihe  diffraction  pattern  since  it  contains 
most  of  Ihe  energy  of  Ihe  diffraction  pattern.  This  type  of  assumption  is  not  unreasonable  for  many  industrial 
products  but  can  lead  to  serious  problems  if  the  object  bring  studied  does  not  have  a  simple  structure  and/or  contains 
sharp  edges  In  its  structure.  In  our  research  studies  we  have  a  general  interest  In  characterizing  a  range  of  powdered 
products  ranging  from  those  produced  by  any  pulverization  process  to  a  study  of  those  produced  by  precipitation 
and/or  fuming  of  Ihe  Bneparllcles.  We  also  have  a  specific  interest  in  the  possibility  of  monitoring  Ihe  levels  of 
hazardous  dust  In  Ihe  working  environment  by  means  of  light  scattering  devices.  Thus,  If  one  can  adequately 
measure  the  dust  levels  In  a  working  area  by  means  of  Ihe  allenrtaliun  of  a  light  beam  one  has  a  relailvely  simple  and 
low  cost  mimilor  for  evaluating  the  dust  In  the  area.  In  this  communication,  we  present  some  prelhiiinary  data  on 
Ihe  effect  of  edges  and  open  structure  on  the  diffraction  patterns  of  fineparticles.  The  physical  Impurtance  of  this 
preliminary  data  is  explor^  briefly. 
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Using  Fast-Fourier-TVaiisfonii  (FF'I')  for  tlin 
Pliase-Doppler-Differeiice-Analysis  of  Powclor  Molnl  Sprays 
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Abstract 

Application  of  tlie  pliasc-Dopplcrdiffcrpiice-analysisto  spray¬ 
ing  atnl  compacting  molten  metals  to  iiicasmc  particle  size 
ami  velocity  rlistribntions  is  tlifficiilt  because  of  the  high  back- 
groiimi  noise  level  of  tlm  signals  detected  by  the  pliotodc- 
lectors.  Common  counter  processors  will  not  work  properly 
with  siicli  noisy  signals.  Tlierefore  a  modifieil  lns<-r-Dopplet- 
proccssor  baserl  on  the  fast  Fourier  transform  is  dr-scribc-d  and 
•ts  performance  evaluated  by  siiimlation  and  by  analysing  sig- 
Is  originating  from  rough  and  norisphecical  C'uAI  particles. 

Iiitrodiictiair 

\  luudilied  liisr  i-Dopphrr  aiieinomcter  (bDVS)  for  simnlta- 
molls  size  and  velocity  ineasuii'Uieiits  of  iiidividual  splmiieal 
1  panicles  measures  tlie  velocity  in  tin'  most  ramiliai  inamiei  by 
rb'lecling  tile  fie>|iieiKy  of  tlie  Uopiilei  sliifl  of  the  light  scat 
leied  fioiii  a  moving  parlicle.  The  din:  i.  let  of  this  particle  is 
delei  iiiined  by  delecting  the  phase  dilference  belweeii  the  two 
Oopiilei  Inn  sis  received  from  two  pliolodeleclors  .sitiuilcd  at 
dill'ereiit  aiigidai  positions  parallel  t<i  the  iiilerestiiig  velocity 
.  ,aiipoiieiil  of  III.'  pai  ticl.  .  Tlicverall  sel  upof  the  dual  beam 
system  ii.scd  is  slniwn  sclieiiiutically  in  Fig  I.  I<  is  the  most 
toiiiimni  anangeiiieiit  of  a  l.DVS.  The  measuring  volume  is 
formed  by  the  two  iiilerfeiiiig  laser  bi  aiiis.  II  is  nil  ellipsoid 
ami  may  be  interprettsi  by  the  fringe  model  alsti  shown  in 
Fig  I.  The  eilges  of  the  ellipsoiti  ace  defined  as  the  contour 
where  the  aiiiplilude  of  the  interference  field  is  c  *  of  the  inn 
innnn  value.  The  signals  tlelecteil  by  the  pholoilelectois  are 
gi'iicraled  by  rellecteil  or  refraclctl  ft  inges  from  a  pnrticle  cros¬ 
sing  ill*'  im'a.siiring  volume.  Accordingly  the  signals  recievtsi 
fican  the  two  pliotodeteirtors  have  a  fre<iuency  that  varies  with 
particle  velocity.  C'oimteih  are  the  most  coniniuii  sysleins  for 
piocessing  the  pliotinh^i-ctor  signals.  .At  high  signni  to  noise 
ratios  (SNR)  aliove  approximately  MB  they  liuvt;  prove  re 
liable  |1].  Signal  validation  schemes  are  used  to  discard  bmsls 
of  poorer  ipiality.  At  low  signal -to- noise  ratios  spectral  ana¬ 
lysis  providi-s  better  estimates  of  the  velocity  than  counters 
|2| 

Noise  is  especially  a  problem  in  using  LDVS  fur  the  ana 
lysis  or  picwess  control  of  spray  coinpHcliiig  proiasses.  Noise 
may  result  from  vi'vy  small  or  rough  particles,  reduced  his*;i 
power,  poor  light  detectors,  backgroiiml  ilhiiniiuilion,  fiiiii 
lerl  signal  tpiantizntion  or  misaligned  optics.  Dilfcrri'iit  pro 
cessors  have  InsMi  described  using  spec'll  id  analysis  to  r-sti 
nnite  velocities  of  partich-s.  I.ailiiig  |3|  iiilrodiices  a  buisl 
sjiectruni  aiialysi'i  basi'il  on  a  haul  wirisl  fast  Fourier  trims 
foriii  |FFT)  processor  Veyniinte  and  (.’andel  (4|  testisl  a  non 
lineal  specirni  analysis  apprcaich.  Neither  processor  sehimes 


yields  phase  dilfeieiice  infoi illation.  In  this  pnpci  a  spectral 
analysis  luocessor  providing  phase  dilfeieiice  and  fiei|ueiicy 
iiiforrnalion  from  the  pliolodelectoi  signals  is  di'scribed  and 
its  perforinaiice  is  evaluated  with  lespcct  to  the  severe  comli 
lions  of  spraying  and  ronipacling  niolten  ineluls 

Processing  algorithm 

The  spectral  analysis  processor  is  based  on  the  fast  Fourier 
traiisfonii  (FFT)  followisl  by  an  inter polalion  algorilltin.  In 
/erpolation  is  essenlial  bei  aii.se  fiei|nency  lesoliilioii  of  the 
FFT  is  limited  by  the  short  ihiralion  of  the  hiiisls  and  the 
imniber  of  .sampling  iioiiils  per  hiiisl.  High  coiiipiilalional 
speerl  reipiiri*s  a  low  nninher  of  sampling  points.  Different 
interpolation  .schemes  have  bten  piiblisheil,  e.e.  least -nii'aie 
sipiaics  parabolic  lil  to  Hie  five  FFT  points  iieaiest  to  tlie 
niaxiiniim  |5l,  tiliase  iiiteijiohilioii  |G)  and  int,*r|iolntion  using 
all  .spr-i'lial  coiiiponents  |7) 


Figure  I.  Scheiiiiitie  of  till' l.n\^S-fnetliod. 
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ABStNACl 

A  forward  laser  light  scattering  technique  is  used  for  on-line  control  of  a  continuous  crystal  liter.  Ihe  recorded 
scattering  pattern  Is  processed  and  translated  Into  a  crystal  size  distribution.  Reliable  data  are  a  prerequisite  for 
process  control.  Hence  much  attention  Is  paid  to  both  recording  and  data  processing.  Due  to  a  mi^er  of  specific 
features  encountered,  e.g.  high  particle  coneeatratloo,  wide  site  range,  aereral  modifications  had  to  be  made. 

ASfg  DIffRACTIOR  AS  A  TtCHRIQIIE  fOR  PROCESS  COHIR 


A  number  of  instruments  based  on  the  principles  of  laser  diffraction  to  measure  particle  size  distributions  hare  been 
developed  in  the  last  decade.  Starting  off  as  a  standard  laboratory  technique,  these  Instruments  have  more  and  more 
proven  to  be  very  successful  as  well  In  on-line  configurations  for  process  and  product  control.  Ihls  Is  mainly  due  to 
the  advantages  offered  by  this  technique,  e.g.  speed,  no  destruction  of  the  particles  examined  and  reproducibility. 

In  most  cases  however,  a  number  of  specific  problems  have  to  be  overcome  first.  An  example  wl«re  laser  diffraction  Is 
used  to  control  a  continuous  crystallizer  will  be  elucidated  in  section  3  |I3. 

,  »  IWIROmiCTION  10  THE  PRIRCIPltS  Of  lASER  PlffRACIIQII 


In  Instrue-nts  based  on  the  laser  diffraction  technique,  light  from  a  laser  (2  mW.  Me/Re  A  •  632,8  nm)  s  first 
expanded  before  Illuminating  the  particle  field.  The  particles  present  will  either  absorp  or  scat  er  the  Incident 
light  according  to  their  size,  shape  and  refractive  Index.  The  scattered  light  Is  subsequently  col II™ ted  by  a  lourler 
transform  lens  and  focussed  onto  a  photo  diode  detector.  In  this  way  a  composite  scat  Ur  Ing  ' 

contributing  particles  Is  recorded  as  a  function  of  the  scattered  angle.  Finally,  the  received  scattering  pattern 

deconvoluted  Into  a  particle  size  distribution.  ,  .  ,i.  r  >  t„  snnn  mirmns 

Ihe  particles  to  be  measured  using  this  technique  are  typically  In  t^  range  of  I  to  2000  microns, 

A  schematic  view  of  a  laser  diffraction  Instrument  Is  presented  In  figure  I. 
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Figure  1.  The  basics  of  a  laser  diffraction  Instrument. 
s  anAPIFD  Alio  HOOIFIEO  COWF IGWAIJOl! 

At  Delft  University  of  Technology  the  UHII«  ’’  BalMed  (DIB)  type  and  Is 

for  an  Industrial  sulphate,  which  I.  cube  shaped  and  highly  '* 

rites,  tlw  new  control  scheme  \s  based  on  suhseownl  shtfls  observed  \n  the  crystal  sUe  distributions 

::;Xn  ..3  t^dl^nhe^^^elstra^ler.  jccordln,  to  tU  fe^ef. 

data  processing  strategy  had  to  be  made:  . 

I;  rrerrMBHo^crntJa’tu"”  ^"tlu  I,  1^^  product  ,tre^C3«  W„. 

magnification. 
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BUILDING  A  PARTICLE  SIZE  ANALYZER 
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ABSTRACT 

This  coniribulion  describes  die  design  of  a  particle  size  aialj'zer  based  on  the  diffraction  of  the  light  of  a  smalt  He-Ne 
Laser.  The  emerging  tadiaiion  is  received  on  a  set  of  photodetectors  and  M  into  a  peisonal  microcomputet. 


1.  Principle  of  Ibe  Method 

The  basis  of  this  particle  analyzer  (Figure  1)  is  the  difTractioo  of  the  light  of  a  small  He-Ne  La.ser  (2  roW  ).  The 
beam  is  expanded ,  filtered  and  coUimated  to  approximately  SO  milimeiers  (Figure  2). 


Figure  2  Mounting  arrangemerit 
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Vitfwpointft  on  Automation  and  Proc^^mt i na  Oiiality  Control 
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since  1970  hlqh  powered  lasers  have  been  used  In  Industry  for  cutting,  welding  and 
surface  treatnent.  These  operations  are  normally  automated  by  some  form  of  pre-programmed 
operation.  None  of  the  existing  Industrial  systems  Incorporates  process  quality  feedbacK 
control.  The  operating  routines  are  all  prefixed  regardless  of  possible  iindeslred  ^hanues 
requiring  resetting  of  those  conditions  during  operation.  As  a  result  the  quality  of 
products  can  not  be  guaranteed  except  hy  past  experience.  /•’Js  P’’"*’’'"”  ’’'’f, 

Increasingly  apparent  to  Industry  and  r  search  scientists,  particularly  now  that  It  may  be 
soluble.  Many  attempts  haie  been  made  to  find  a  solution:  so  far  they  have  served  to 

show  that  the  tash  Is  complex. 

This  paper  reviews  previous  achievements  In  laser  automation  and  PIpp®"", 
control.  U  discusses  some  of  the  techniques  which  might  be  employed  for  future 
d#  v<*  I  opm^n  ^  a 

I... 

lint  only  is  the  laser  a  new  source  of  Industrial  energy  but  automation  has  also  advanced 
•  into  new  regions  ol  sophistication.  Open  loop  control  has  been  with  .  ‘ 

Industrial  revolution,  likewise  some  forms  of  closed  loop  control  based  on  "•"’P'® 
mechanical  devices  such  as  a  speed  governor  on  an  engine.  However  the 

c  looD  c<>ntrol  h«v«  expanded  beyond  the  Imagination  of  oor  father®  with  the  adven  of 

VliTcLvli^r  /t  pHces  which  ?an  be  afiorded  for  dedicated  larger  computer 

mr-mrtritfrn  and  hlohef  computer  speeds  have  only  recently  opened  op  the  pcsalblllty  of  a  clo.ed 
firthe  prole«inr?oqic  which  leads  to  a  form  of  artificial  Intelllqence  -  or  a  machine 
wtiirh  learns  from  esperlence.  The  laser  opens  up  unique  possibilities  In  automation. 

?  f  1,  d«r?o  Jhr-nou"  "n  nature  of  processing  with  optical  power 
5e  lve?y  L,?em  has  no  associated  electric,  magnetic,  thermal  or  sonic  fie  ds 
tho.o  qe"erill?ed  by  the  process  Itself.  Thu.  the  first  step  in 

,„.ptocess  sensing.  Is  grestly  simplified.  The  optical  power  from  ^  '^iSui 

Pitched,  controlled  or  redirected  fulfilling  the  second  step  required  In  automation.  Thu. 
it  has  been  srgued  that  the  laser  Is  sn  Ideal  partner  for  the  robot. 

This  article  looks  at  progress  which  has  been  made  in  laser  automation  and  process  quality 
coI?I:i orvTew  of  how  It  was  then,  1.  now  and  possibly  will  be  tomorrow. 


(Integration  of  ths  l"s«r  with  «  work  table  or  robot  I  |i,2,3 1 . 

2. 1 .  Automa tl c  OiMratlon  -  Spssd  airt  PpttttgH 

The  first  application  of  automation  to  laser  processing  was  ^he  automatic  movsment  of  the 

relJuv^  ti  tie  wirkplece.  This  for-  of  auto^tlon  1 . ii 

operation  due  to  the  precise  nature  and  high  speeds  Involved  In  Iseer  processing  -  such 
rutting,  welding  or  surface  treatwsnt. 

1  . 1 .  AutQJMtAfi. 


Tie.  choice  was  to  move  the  beam,  the  workpiece  or  bot^  No»«oo. 
suggested  as  shown  In  fig  1.  The  design  points  which  have  been  found  to  be  Important  ar 

;«)  Positioning  Arcoraryj 

.  it^eir"'trbe'ei:rb?:""on‘: 

}r  till  din  Lg^stert  by  Tight  (I)  that  the  market  for  User  robot.  U  critically  dependent 
on  nrritrary  as  sliown  In  fig  2. 


«  • 
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A  cw  Cn  laser  capable  of  tuntnfi  through  a  nusber  of  rotational  lines  usln^  the  laser 
siRnature  technique  has  been  developed.  The  optotalvanic  effect  la  used  In  a  control  loop 
foe  active  stabilisation.  Prequenep  fluctuation  In  th«  long  tern  la  better  than  3  parts  In 
10^.  The  laser  has  an  output  poser  of  6  If  on  the  10Pf20)  line. 


1.  INTSOOtfCTlOlf 


The  large  nunber  of  CO^  laser  tranaltlona  (9  and  10  p.  •‘""IL 

suitable  for  yny  appl lea tiofia :  Plasna  diagnostics  ,  Renote  sensing  and  Multlwawelength 


nahes  this  laser 


Interferonetry 


for  esanple 


In  lasers  thst  use  a  diffraction  (rating  aa  an  Intracnvlty  dlspnralvs  slsnsnt  one  can 
achieve  full  fleslblllt.  In  thoa.  application.,  tlonever.  In  so-a  occ.slons 

ar  needed.  In  those  esses  line  nelectlon  can  be  nade  b,  ainply  varying  the  cavity  length. 

,e  report  the  develop.ent  of  a  CO^  l-.er  ..ploying  the  change.  In 
'nlth  intrscn.lty  po.er  In  .  fe.dhsck  ^oop  to  lock  the  Inner 
achieved  by  eontrollng  the  cavity  length  by  -eans  of  a  pleso.lectrlc  tranalator. 

2.  THE  OPI0-CAtV*»lC  (VOLTAIC)  TffJCT 

The  CO,  laser  Is  highly  pr:s.*^^^^^ 

Influence  slversl  dlschsrge  .scroscopy  p.rs.et.r,  such  s.  pressure,  gss 

discharge  tmpodoneo  to  a  pignificMnt  extent. 

These  effects  been  thoroughly  studied^*®.  snd  subsequently  spplied  In 

stsbillzatinn  sehe.es  ' 

,n  the  CO,  1-ser.  the  energy  of  the  upper  love,  c.n  be  lo.t  by - -  of  .tl.ul.t.d 


In  ths  CO-  laser,  the  energf 
esisslon  or  by  collision  processes. 


gg  ^  nr  snsrsv  bv  stiaulatsd  esIssJon)  the 

trsngiiti:::.  oJ-tb:‘;;:':u?  h"tbr^£.-  -h--;b::":r>-^:r; 

r  -  th.  .oit...  .ppm.- 

>1  the  laser  (In  constant  current  node). 

3.  *XfK5f««yTAt_SfT-Pf 

3.1  Laser  design 

■  flgr;  Shnun  the  block  0 

:?o:\.r''.o7;Vf  r.r.;7o;.‘:ro::::eJ  ”  .r:;-rf-r  op.r.tio„. ...  cbo..n  b.c.u..  or .... 

of  fabrication. 

a  four  rod  mvAll  structure  (85  ..  dl.-.t.r)  1.  us.d  to  support  th.  . . biles. 

Mirror  sllgn.ent  Is  .sds  «lth  .lero.stsrs. 

Mirror  arparatlon  la  ll5  cs. 

The  diarharge  v»s  *ni*««rtV*to  *ths^elndoes"*'(sJu A 

sss5siu,^%^rtird'.“T;:To«r-rpri;  «^^^^^^  - 
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ABSTRACT 

In  order  to  integrate  a  low  power  (70  W)  CO;  laser  into  a  niaterials  proressing  sj  stem,  a  device  has  been  developed 
whieh  enables  llic  beam  emerging  the  laser  to  he  guided  down  to  the  workpicec.  on  u  bieh  it  is  focused.  Tlie  residting  s>  stem 
in:  tes  a  mirror  which  is  located  in  such  a  way  as  to  deflect  the  heam  by  OO":  a  means  is  provided  for  its  line  .adjusting  in 
vrt mutually  pcrpemlicni.ar  directions.  The  vertical  lobe  was  tiesigiicd  in  order  to  allirw  the  alleinativc  filling  of  len.ses  with 
die  most  usual  focal  lengths  in  Ibe  intended  range  of  applications.  Tlie  lerniinal  no/zle  was  sli.aiied  taking  into  .account  the 
need  for  either  a  culling  g.as  shroud  or  a  mean.s  for  drawing  aw.ay  the  smoke  flcvclo))cd  during  culling. 

I.INTROIHICTION 

An  ever  growing  lange  of  .ariplicaiinns  of  laser  technology  is  (x  nriraling  today  the  various  domains  of  human  activity: 
material  processing,  medicine,  biology,  iclccommunic.alions.  mc:rology.  etc.. 

■fbe  present  p.iper  describes  a  ties  elopmcnl  w  liich  can  bo  inciniled  in  the  area  ol  materials  pox  essing  A  CO}  laser  *  « .is 
.jit''gr.iled  in  a  .S)  stem  lor  ciilliii.a  (ronloiiting)  and  engtaving  (nviikinu)  ol  nv.ilerials.  One  |X)inl  to  K'  cmisidoreil  in  ihai  kind 
of  .applications  coiiretns  (lie  way  (be  coupling  of  the  beam  bef.secn  the  laser  .•iml  the  workpiece  i.s  .accomplished.  The 
follow  ing  topologies  may  Iv  found  ciitienlly  in  this  kind  of  laser  mm  hines: 

-  fixed  oplics,  movable  workpiece 

■  movable  optics,  fixed  workpiece 

■  mixed  system. 

Ill  our  laser  cullingycngi.aving  niaeliiric"  the  (iist  ol  these  tciKcpt.s  w .as  chosen:  llic  ni.icbinc  incliidrs  a  stepper  inoioi 
d"  'n  X  Y  table,  which  siip|xirls  the  woikpiecc:  (able  movomciil  is  ((Uiiiollcd  bv  a  CNC.  In  this  cnnligiiraiion,  the  l.ascr 
be.iiii  has  to  be  ptoiietly  guided  lioin  the  laser  down  to  the  workpiece.  A  prololv|ie  Iseam  delivery  system  was  devcloi'ed  for 
lis  purpose  .and  is  dcserilvd  heretdter. 

2.  DESCRIPI  ION 

The  figure  on  die  next  page  sIkxw  s  .scliemaiically  the  deviee  that  w  as  designed. 

On  the  upper  pari,  provision  has  been  made  to  fit  a  beam  dcllceliiig  inirtiir.  NiCii  iniirois  with  a  1..^"  diauicler  have 
been  adopted.  On  the  b:irk  face  ol  such  a  mirror  a  Uiteadcd  Nnc  is  usually  provided  This  is  used  to  screw  in  it  .a  threaded  boll 
whose  other  end  passes  through  a  small  rotula  which  fils  in  a  concspoiuling  cavity  machined  in  an  aluminium  di.se.  This  disc 
ic.sts  on  the  TS*’  surface  (relative  to  the  he.am)  of  Ihc  main  btxly  of  the  mirror  supiKitt. 
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AflSTKACT 

In  this  paper  the  laser  cutting  technology  is  shortly  described.  The  history  of  the  ao- 
dern  laser  cutting  technology  is  reviewed.  The  laser  cutting  process  and  its  aost  laportant 
paraaeters  are  described  briefly.  Finally  the  trends  in  the  technology  is  discussed  brief¬ 
ly. 


1.  IMTRODUCTIOM 


The  laser  cutting  technology  la  today  the  aoat  widespread  high  power  laser  processing 
application,  and  aore  than  thousand  units  of  typical  systeas  consisting  of  a  SBO-l.OOO  watt 
CO, -laser  coabined  with  a  two-dlaansional  CHC-controlled  nutting  table  are  perforalng  high 
guallty,  precise  short  series  of  sheet  aetsl  cutting,  aainly  in  aild  steel,  but  also  in  ot¬ 
her  aateriala  as  for  oxaaplo  atalnleaa  steel  and  alualniua. 


The  sheet  aetsl  laser  cutting  process  la  a  theraal  cutting  process  resulting  in  higher 
i  guallty  and  precision  than  any  other  theraal  cutting  process.  Therefore,  the  laser,  although 
it  is  an  expensive  theraal  heat  source,  is  the  conaon  cholse,  when  theraal  cutting  tools  are 
applied  to  large,  high  precision  CNC-controlled  sheet  aetal  shaping  systeas. 


The  devalopaent  of  the  laser  cutting  process  of  today  began  with  the  developmnnt  of  the 
high  power  lasers.  The  aajor  laser  for  cutting,  the  CO, -laser,  was  developed-in  principle  in 
1963.’’  Through  the  following  decade,  the  CO,-laser  was  developed  froa  the  initial  allll 
watt  output  level  to  aultikllowatt  output  range.  Kllready  a  few  years  after  the  first  CO, 
laser  was  reported  operating,  lasers  with  an  output  power  of  a  sufficient  level  for  sheet 
aetal  cutting  was  developed. 


Investigations  in  application  of  this  CW  laser  source  wore 
application  of  a  coaxially  gas  jet  for  laser  cutting  was 

years,  industrial  CO,-laoors  were  used  aainly  for  cutting  non-aetalllc  aaterlals,  but  still 
the  Industrial  use  of  lasers  for  aetal  cutting  was  gulte  Halted. 

In  1979  the  effect  of  the  laser  light  polarlxation  was  discovered,’-'  and  the  last  ‘"uh- 
nicH  obstJacleJrihe  industrial  .^plication  of  lasers  for  aetal  ":nectll: 

less  than  one  year  after  the  discovery  of  this  amor  parameter  and  soon  the  n^ 

phase-shift  mirror  coatings  for  high  power  CO,- laser  beams  „  T"! ’^f 

bers  of  industrial  sheet  aetai  cutting  systeas  available  as  j”,  ‘,*1  p%. 

steas  Increased  rapidly.  The  sheet  aetal  cutting  process  was  an  ^ 

ductlon  technology  and  the  laser  cutting  application  suddenly  became  the  aost  important  mar 
kst  for  the  high  power  laser  manufacturers. 

The  laser  cutting  technology  is  however  more  than  laser  cutting.  Industrial  application 
of  this  cutting  tool  regulres  a  system  consisting  of: 


C 


-  laser  source 


-  NC-controlled  positioning  system 


-  laanr  bean  path 

-  cutting  "tool"  (lens/noxxle  systen) 


In  addition  to  this  production  system,  ...  ...  - j-r"'  rh- 

portant  to  utlllie  the  flexibility  of  the  numeric  controlled  cutting  system  and  finally  the 
naterlal  flow  around  the  cutting  system  is  of  Inportance. 

To  utilize  the  guallty,  precision  and  cutting  rates,  "“I*,*  *"";/‘J2"?loi- 

aands  on  the  speed  and  resolution  of  the  "C-iystea  end  on 

dity  of  the  positioning  system  must  be  satisfied.  It  Is  ®***/;.^*j  ***?  ,*  *. 

laser  cutting  technology  therefore  not  only  was  depending  on  the  devel^aent  of  the  laser 

source  and  the  processing  teonlgue,  but  also  on  the  developaent  of  the  computer  technology. 


-  process  gas  supply 

an  efficient  off-line  prograaalng 


facility  is  la- 


lit  iz  r,/ 


/ 


^  w 


Tliri’mirnl  mo'IPlisatioii  of  laspr  piittliiB  pcocass 

S.F.  Yuan,  M.  Querry,  C.  R4drln  ^ 

l,.F,.P.P.,  Bt  50?  and  CALFH'l'M#'!',  Bt  AO?,  Institut  National  den  Seienees  ApplinnApa 
?0,  av.  Mbert-Rinstein  696?1  Vtl.LF.OBBANHF;  CEDRX ,  FIIAHOR 


Thin  paper  preaenta  a  method  of  tliermlcal  modelisatlon  of  laser  cuttiiiR  in  hlie  raonodi- 
menni'inal  ease,  using  tlie  finit  differences  method  :  this  model  has  the  simplicity  conve¬ 
nience  and  can  resolve  the  problem  of  the  cutting  front  mobility. 

1 . INTRODUCTION 


The  experimental  results  shows  that  the  morpholc>g.v  of  the  cutted  surface  i.-.  .ilffei-ejil 
vernun  tlie  depth,  and  that  the  profile  height  distributions  present  a  random  character  more 
prominent  in  bottom  sone  tlian  In  upper  one  The  optimisation  of  machining  pai'amelers 

in  not  always  favourable  to  obtain  a  good  cutting  quality  especially  in  the  case  of  a  tliick 
workpiece.  The  thermic  approach  of  the  cutting  process  takes  a  particular  interest,  tliankn 
to  the  theoretical  support  it  can  induce.  The  major  works  about  tlierniical  modelisation  Inve 
been  done  In  the  case  of  tlie  material  surface  treatment.  The  laser  cutting  is  treaicj  only 
with  the  maximal  cutting  speed  by  some  global  methods  of  energy  balance  .  .  The 
hlem  for  the  therralcal  modelisatlon  of  laser  cutting  process  is  the  cutting  front  mobility. 

This  paper  presents  a  metliod  of  thermlcal  modelisatlon  in  tlie  mono-dimensional  cane  : 
this  model  has  the  simplicity  convenience  ;  nevertheless,  its  numerical  results  are  enough 
Batifsfarttnry  V 

With  this  modclinatlon,  we  can  study  essentially  the  cutting  start  and  the  lempei  atiire 
dlstHbutioii  aToi'rUie  direction  of  cutting  front  motion  ;  we  can  also  study  the  influence 
of  oxydation  reaction  in  th“  upper  soiie. 

This  study  allows  us  to  understand  some  phenomena  produced  on  the 
cutting  proceL.  together  with  the  results  of  simultaneous  observation  of  the  cutting  Pio 

ce.ss® . 

2. HYPOTHESIS 


Fir-f  to  simplify  the  tri -dimeii.alonal  problem  to  s  bi -dimeii.ciona  I  'Uie 


Pi, el  to  Simplify  the  tri-oimen.aional  problem  to  s  bi -dimen.ciona  I  'Uie,  id 

n-irr,-'  I’aiid  parallel  to  the  laser  be.am  moviiic  direction,  and  on  the  ‘ 

-.I-  heim  motion  (Fig.l).  Moreover,  we  consider  tliat  tlie  workpiece  is  veiy 
•’  -  -  *  — j  ffiD  f siitnorafitirf’s  3r*e  howoe^Mf’Owrs  vprnn..  Mu  1 


th.it  Mip  workpjf'cc  is  thin. 

?.;^.HypyMie5in 

To  make  the  numerical  calculations  easier,  using  this  model,  we  generally  suppose  that  : 

The  temperatures  sre  uniform  through  the  width  of  the  considered  slice  (OX  axis).  So. 
there  Is  no  thermlcal  flow  In  this  direction  : 

II?  All  the  physlco-chlmlcal  properties  of  the  material  are  independanl.  of  its  temperature, 
and  the  absorption  coefficient  of  light  Is  constant  . 

,,,c  workpiece  thickness  Is  “-“z 

pornfriirp,  etr.)  nr#*  uniform  throuRh  thp  di»pth  (07.  nxi«)  , 

ha  The  melted  r,.aterIalB  are  immediately  ejected  to  outside,  with  a  speed  near  to  the  gas 
flow  "iio,  whioh  1b  v^ry  high  ; 
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ABSTRACT 


1 JWTRODUCTIOM 


The  most  important  phenomena  contributing  to  laser  cutting  ate  heating  the  workpiece 
by  absorbed  laser  radiation  and  exothermic  reaction,  heat  logs  due  to  thermal  conduction 
,ind  evaporation  and  melting  of  the  workpiece  in  the  vicinity  of  the  focus  of  the  laser  beam. 
Material  removal  takes  place  since  liquid  material  is  blown  away  by  the  oxygen  flow  and  due 
to  evaporation.  To  obtain  a  deeper  insight  into  these  main  phenomena  laser  cuttin..  and  to 
understand  their  relative  Importance,  heating  of  the  workpiece  and  material  removal  will  op 
closely  regarded  and  analyzed. 


depJ!lSc“l''Sn'’?fil  8fff5?eRfPMraSe^i?g‘8^  tRe’^&fitftfig'Pf Aegsl!  irSSvJfgAltfiT^ofar^SlMon 
and  angle  of  incidence  of  the  laser  beam  employed  for  cutting. 


In  the  second  part  the  energy  gain  due  to  exothermic  reaction  between  oxygen  and  the 
material  of  the  workpiece  is  discussed  for  the  most  impodant  rase,  cutting  of  steel. 

fhe  third  part  of  the  paper  deals  with  the  analysis  of  the  temperature  distribution  oh- 
rained  In  the  workpiece  under  consideration  of  heat  gain  as  treated  In  part  one  and  two  under 

consideration  of  heat  conduction  and  virtual  cooling  due  to  the  movement  of  the  laser  beam 
over  ttie  surface  of  the  workpiece. 


Finally,  the  last  chapter  deals  with  material  removal  by  melting  and  evaporation  and  the 
resulting  cutting  speed  and  their  dependence  on  the  process  paramters. 


2.  ABSORPTION  OF  RADIATION  BY  THE  WORKPIECE 


ncchanlsm  /!/.  The  degree  of  absorption  depends  In  that  case  strongly  on  the  pnl/trlzation 
direction  and  on  the  angle  of  Incidence.  In  the  case  of  polarization  parallel  to  the  cut,  the 
reflection  depends  strongly  on  the  angle  of  Incidence  ana  a  maxlmuni  of  nearly  901  Is  absnrDed 
for  an  angle  of  incidence  of  85  degrees,  that  means  for  nearly  striping  Incidence.  Obviously 
the  latter  case  of  polarization  is  favourable  for  laser  cutting,  since  then  relatively  high 
ahsorption  Is  obtained  due  to  the  fact,  that  the  erosion  front  is  nearly  vertical. 


n  reactive  gas-assiated  laser  cutting,  the  surface  of  the  molten  layer,  that  usually 
rs  the  momentary  end  of  the  kerf,  is  nit  by  a  dense  stream  of  oxygen.  Due  to  the  bom 


momentary 

bardment  with  oxygen,  oxidized  metal  is  produced  at  the  surfac.  ..  _ 

liquid  layer  Is  covered  with  a  thin  oxide  film.  Since  the  reflectivity 

10  6i.n  l«  miirh  thmrt  ^l,•^  rtf  metels  duc  to  thc  lower  conductivity  of  oxides, 

the  presel/ce  o?  oxfde  as  mencloni^  ib8ve  raises  the  lOZ  absorption  of  pore  steel  (90  degree 
angle  of  incidence)  to  s  maximum  of  60Z.  Considering  the  latter  arguments  an  absorption  of 
AOX  of  the  Incident  radiation  seems  to  be  most  appropriate  /2/. 


of  c^r 


molten  layer  and  the 
of  oxides  at 
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ABSTRACT 

Since  high-precision  cutting  has  been  achieved  by  laser,  this 
has  widened  the  field  of  applications  of  laser  cutting, 
largely  contributing  to  making  the  laser  technology  popular. 

This  report  describes  the  pulse  characteristics  and  beam  quality 
which  have  contributed  to  achieving  the  high  precision  cutting, 
by  showing  the  relationship  between  them  and  cutting  accuracy. 
The  laser  cutting  applications  In  Japan  are  also  introduced. 


KEVWOROS 

baser  beam,  Accuracy,  Hlgh-peak  pulse.  Thermally  affected  layer. 
Surface  roughness 


I  . 


Thriaserbeam  which  can  condense  rays  at  a  high  energy  den- 
’  Ty  irnsed  for  various  processing  as  the 

.ou^ce  wHlch^lnstantaneously^.elts,^vapo^ 


material. 

mscJiluGS  dslxv 
ered  In  Japan. ’1 
Ib  js  expected  that  the 
number  will  reach  approx. 
670  in  1987  (12%  more 
than  that  of  the  previous 
year!.  The  total  number 
of  machines  In  operation 
will  reach  2000  to  2500. 
Metallic  material  cutting 
is  the  most  popular  among 
various  applications, 
accounting  for  approx. 
80%. 


Fig. I  Progress  o(  morkel  scole  ol  CO*  loser 
processing  machines 
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ibsir.afit 

An  in-depth  erperlmental  t n ve s t ig a 1 1  on  has  been  csrrfed  out  into  the  cutting 
II  .r'terl-^l  ica  of  titanium  alloys  which  has  led  to  the  development  of  new  terhniouea . 
Problems  usually  associated  with  COj  laser  cutting  of  II  alloys  (l.e.  dross  and  O,,  Np, 
contamination)  have  been  eliminated  by  the  use  of  autlllary  argon  Jets  employed  during 
"utt ing.  Cuts  generated  by  thia  multiple  inert  gas  Jet  technlQue  have  been  analysed  using 
pro/iiometry  and  surface  chemical  analysla.  Oiygen  and  nitrogen  contamination  levels  were 
found  to  be  lower  than  for  neclianlcally  guillotined  edges.  Surface  roughness  values  were 
of  the  same  order  of  magnitude  as  milled  samples. 


Introduction 


Accurate  profiling  of  titanium  alloy  sheet  Is  difficult  to  achieve  by  traditional  cutting 
methods.  Profiling  techniques  fall  roughly  Into  two  categories;  thermal  and  mechanical, 
each  of  which  have  drawbacks  when  titanium  alloys  are  eonsidered.  Thermal  methods  of 
cutting  tend  to  produce  a  chemically  contaminated  edge  due  to  atmospheric  otygen  and 
nitrogen  absorption  at  high  temperatures.  Oxygen  and  nitrogen  absorption  of  this  sort 
severely  embrittles  the  cut  edge  and  thus  drastically  reduces  the  fatigue  life  of  the 
material,  an  Important  consideration  In  many  titanium  alloy  applications.  A  more  minor 
problem  is  the  generation  of  a  heat  afftettd  zone  (HAZ)  in  the  area  bordering  the  cut  edge. 
Mechanical  methods  of  cutting  these  tough  alloys  experience  problems  which  not  only  slow 
the  process  but  can  give  rise  to  cut  zone  overheating  and  thus  the  same  deleterious 
symptoms  as  thermal  cutting. 

Although  laser  cutting  Is  a  thermal  technique  the  heat  input  to  the  sheet  Is  minimal  as  a 
result  of  the  nsrrow  cut  zone  established  (O.f  -  G.Amm  diameter). 


The  focused  User  beam  acts  as  a  tranquil  heat  source  on  the  surface  of  the  material  (see 
fig-  t)  and  it  is  therefore  a  simple  matter  to  shroud  the  cut  tone  In  an  Inert  gas.  This 
gas  acts  coaxially  with  the  laser  beam  on  the  cut  tone  and  is  also  reaponslbje  for  the 
shearing  of  the  molten  pool  to  generate  a  cot. 

In  spite  of  these  advantages  (minimum  thermal  Input  to  substrate  and  Inert  gas  shielding) 
over  other  thermal  cutting  methodSf  laser  cutting  by  the  simple  technique  shown 
schematically  in  figure  f  auffera  from  two  draybaekm 


1.  Although  the  laser  generated  molten  pool  Is  sheared  by  the  Inert 
of  this  melt  Is  left  adhering  to  the  underside  oi  the  cut  In  the 
droplets  (or  dross).  These  droplets  can  he  clearly  seen  in  figure 
micrographs  of  typical  cot  edges.  This  dross  needs  subsequent  removal 
U■^^  -  grinding). 


gas  Jet,  a  proper  I  Jen 
form  of  resolidified 
?,  a  set  of  electron 
by  mechanical  methods 


Th»  ,1— unulstlon  or  droSK  on  thn  low,r  »dg»  of  thn  out  nlso  rl.ie  to  oh.mlcn) 

tanln.tlon  of  tho  out  .d««.  The  droplets,  »»  they  eolldlfy  behind  the  cut  " 

reservoir  keeping  the  recently  cut  zone  at  elevated  temperarures  after  the 
laser  and  its  coaxial  Inert  gas  jet.  This  hot  zone  ts  then  easily 


con 

typo  of  therrpal 
passage  of  tf»e 
contaminated  by  atmospher 


,c  gasses  particularly  oxTgen. 


,  rlenr  therefore  th.t  a  lyplc.l  leser  out  titanium  alloy  ed|e  produced  by  t'"' 


edge  and 
urf ace 


larci -inert  gos  combination  (Fig  has  an  adherent 

and  will  show  signs  of  the  blue  discoloration  aasoclated  with  the  presence  of  a 
<'t  1  dat  ion . 

rnl.tln*  of  tUenlum  alloys  has  Peen  carried  out  pain*  air  or 
larer-coa.lal  ,.s  Jet.  The  outtln*  speeds  reported  are  e.tremely  hiph 

jf  ^  6  n/min  with  500M)  as  a  result  of  the  exothermic  nature  of  the  oxidation  reaction. 
J.r  m^erlal  is  basically  repeatedly  United  In  the  elr/Oj  stream  by  the  laser,  .  process 
ahlo,  i:  nnaU.ou,  io  1.5er-0,  outtln*  of  steel,  (ref.  """i'  f‘r'’.J’r.Vd'''(’to  a' 

finished  product  repulres  that  all  the  oiygen  enriched  embrittled  edge  '•  ’7"”’"  ' ’ 
depth  of  3mm  or  more  In  some  esses)  before  the  b.ee  material  mechanical  properties  can  he 


f 
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AB-STRACT 

Owing  to  its  special  characteristics,  radiation  of  a  COj  laser  may  be  used  as  .an  criicient  tool  for  processing  mairrial!|. 
The  present  paper  describes  some  possible  applications  which  have  Itccn  dcvrlo|icd  with  a  low  power  (50  \V>  baser  for  culling 
and/or  engraving  various  non  nietallic  materials  ■  acrylics,  cardhoard,  veneer,  natural  and  synthetic  leather,  glass,  ceramics, 
tc.  -  as  well  as  marking  of  anodi/cd  aluminium.  In  c.ich  case  operational  conditions  leading  to  best  results  were  found  er- 
“pcritncnlally.  acting  on  parameters  like  laxr  poK-cr,  processing  .s|)crd.  a.ssisi  gas  or  suction. 


llic  use  of  lasers  for  material  processing  is  ever  increasing  in  oiir  days  The  parallel  development  of  ancillary 
compulcrir.cd  and  roboli/cd  systems  which,  hcconiing  more  ami  more  coni|i|ex  and  so|ihisticalcd,  turn  onl  highly  (lexibic  and 
effective,  make  Ihe  use  of  a  laser  as  a  tool  increasingly  atlitK  live  and  prolilahlc.  I'rom  the  dilfcrenl  types  of  laser  that  find  use 
in  material  prrKCSsing,  COj,  Nd:YAO  and  escimers.  the  lormcrnncs  have  surely  die  most  outspread  applications  range. 

The  present  pajicr  doscriivs  l/ie  resi/lls  obtained  with  a  losv  power  laser  in  the  pit.ecssing  of  non-metallic  materials  and 
marking  of  anodired  aluminium.  Integration  ol  a  50  W  {'O2  lasei*  in  a  system  with  a  X  Y  table  and  a  CNf'^,  gave  us 
means  to  evaluate  the  behaviour  of  some  materials  when  inicraeling  with  a  laser  radisition  ol  10,6  mm  wavelength.  Beam 
guiding  from  the  laser  output  to  the  test  s|)ccimcns  was  accomplished  by  a  beam  delivery  system^  designed  specilically  to 
litis  purpose. 


2.  C  U  n  INfi 

The  cutting  pcrlormance  ol  some  materials  during  eiilling  with  a  COa  laser  with  a  maaimuin  output  power  of  50  W 
‘■avc  been  analysed,  together  with  (he  inllucncc  of  a  cutting  gas  assist. 

2.1.  Acrylic  Plate 

Laser  cutting  of  acrylic  plate  is  obtained  by  material  va|iori/alion  along  tltc  imcriiclion  line.  Experiments  were  conducted 
widi  and  without  an  inert  gas  (niliogen)  assist  during  the  cutting  (Ktioii. 

Comparison  of  a  set  of  (uoccsscd  test  pieces,  revealed  llnit  the  use  of  nitrogen  did  generally  yield  belter  rcsulLs; 
specimens  cut  with  gas  assist  showed  r|uilc  vertical  culling  edges  resulting  from  a  vertical  narrow  kerf,  as  opposed  to  the 
.skew  edges  obtained  when  the  laser  cut  is  not  gas  assisted  and  the  kerf  is  V-sha|X'd.  This  effect  was  most  noticeable  with 
thicker  plates  (5  mm  and  morel.  These  results  may  suggest  that  the  use  of  nitrogen  prrKfuces  a  cooling  of  the  culling  lone, 
thus  preventing  the  heal,  and  ihenjforc  the  mclliitg  (iroec.ss.  Iroin  sprcailing  to  the  sides  of  the  culling  line.  As  the  acrylics  is 
innaminablo,  die  atmosphere  alxrvc  the  cutting  /iKie  hits  (0  lie  oxygen  tlcplrtcd.  in  order  to  ptevcnl  the  material  from  burning 
-  therefore  an  inert  gas  has  to  be  used  to  ttcliicve  this  cooling  effect. 
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ABSTRACT 

Through  the  present  work  on  aarble  laser  cutting,  soae  advantages  of  this  nethod  over 
the  conventional  process  were  ascertained. 

gaveral  psraaeters  relevant  to  aarble  laser  cutting  have  been  aeasured,  namely  the 
cutting  speed  as  a  function  of  the  thickness  of  the  aarble  plate  and  the  output  power  of 


materials  has  been  a 


an 

V 


1  ^  INTRODUCTION 

Interaction  between  a  high  power  CO^  laser  beam  with  several 
matter  of  intensive  study  during  the  last  years  |l  -  3j. 

,  ^hocH.  waves  can  be  generated  and  supported  by  laser  when  power  density 
10^  .  while  combustion  waves  are  observed  for  power  densities  between  10  to  10 

cm**  • 

pi.fl«  with  co«bu,tlon  ««..  supported  b,  shleldlne  »nd 

consequently  bee.  attenuetlon.  Ho.ever.  If  the  -eterlel  , Vn„  h.t.eeS  laser 

rersdlstes  «lth  s  shorter  usvelength.  then  occselonln*  a  better  .stchlng  with  surface. 
Plasas  behaviour  In  the  Interaction  *one  la  then  fundauentsl. 

sb; = 

hl*h  capital  Invsstnent  of  laser  equlpuent. 

baser  tecnhologlcal  appllcetlon.  to  ‘“e  ‘reetnent  of  rq?cbl"o"n  .:d''';.:r ’‘^h^r::} 

r.Tr;vi:rVo"be^'’not‘’r!’,  “but  .leo  vitb .  pro.i.in. 

future. 

Through  the  pr.e.nt  worh  the  feaeablllty  of  -rbl.  cutting  by  l  —  r  radiation  i. 
stud  d. 

2  -  THgORETICAL  BACKGROUND 

. 

Oaina  this  gethod  aucce-afully  r.quire.  high  an.rgy  ha...  and  baa-  po.ar  danaitlea.  of 
io®  to  10®  W  e«"',  after  focusing. 

■  ....••'al  1  ins  and  fine  grained  Including 

Marble  la  a  variety  of  celclte  and  aragonite,  c  y  organic  coupounda 

lapupltles  of  quart.,  chalcedony,  he-atlte,  pyrlte,  ate.  end  al.o 

|4|- 

►  r  -.rhl.  is  Ca  CO  which  la  deconpoaed  with  te-paraturaa  between 
The  aain  cowponent  of  warble  is  va  a 
[  B25’’c  and  OOD^C  In  -gre.-ant  with  the  prl-ry  che-lc.l  reaction 


Ca  00, 


•Ca  O  ♦  COj  -  48,52  Real  wola" 


Ptres 
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Dr.-Inq.  K.  Sepold, 

Hipiiipr  Infit.iliit  fiir  niiqenniidte  Strshllechiiik,  2821)  Bremen  7J,  (Hi: 


J .  IdLioduclinn 

Dip  Hiermal  niHinq  with  laser  alJows  three  possibie  nuttinqs,  wljjrh  mainly 
flirier  in  the  removal  of  the  material.  If  tlie  material  is  mainly  vaporised, 
then  this  prnoediire  is  called  laser  sublimation  cutting  according  DIN  25JI) 
(llermaii  fngineerinq  Standardization)?  if  however  the  material  is  melted  and 
the  melted  mass  is  removed  by  a  gas  jet,  then  this  process  is  railed  laser 
melf  cuffing.  If  an  exothermic  chemical  transformation  of  the  material 
takes  place  ,  e.q.  ovydation,  tl)en  the  process  is  called  oxy-Jaser  cutting. 

Ihermal  3o..rce  for  all  three  cases  is  the  loser  beam.  rutting  jel 
however  may  consist  of  different  gases  or  qas  mivtures.  Also  its  form  and 
measures  as  well  as  its  speed  may  differ  due  to  the  citing  process.  Ihus 
is  explainable  that  the  mechanism  for  the  cerf  fo.matinn  depends  on  the 
properties  of  the  laser  beam  and  the  cutting  jet  and  thus  lesdux,  to 
ditfereni  final  prod.K'ts  and  also  to  various  sizes  of  the  cerf. 


2.  I  sseji^sublimatioii  cuttij^ig 


lor  sidilimation  cutting  the  laser  beam  prod«.es  a  vapor  cha.xiel  over  the 
whole  thickness  of  the  work  piece  and  an  inert  gas  jet  blows  out  the 
.unduced  vapor  and  -  as  far  as  existing  -  also  the  melted  muterial.  A  cer 
when  the  material  is  moved  relative  to  the  cutting  installation. 

lek.nq  onto  account  focused  electron  beams  /!/.  Ihese  ideas  I 

r,.„„  b.  boob  lb «- »•-  -• 

.b.  -..-.-.I,.  or  u.  r»,...l.  ... 

b,  b<  ...  «,..lllbtl.»  o«».b.r.llo..  or  "■"< 

-  .o-™  »- 

...1.  or  lb.  ...Ti.l  "O'  «"  b— "I'f  "f  ““  •  . 

„„  i..l"  .bb.'lb"-  I'bor.  1  lb-  »  -^b 
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ABSTRACT 


as  •'*“‘"5  photolithographic  .ask. 
lid*  ^  Dltfeieiit  waveguide  pattetns  have 
ln?e,.aT:d  cuc..?ri:^k  pJa"?;:"^''*"’"  been  fabricated  dl 


ov^r  an  ai^a 

bai»ti  written 
tartly  Into 


h. 

Lam  bea*  wtltlng  syetea.^  have  alieady  been  teeted.  proving  the  validity  of  laser 
sources  aa  a  photolithograrhlr  means  for  fabricating  integrated  optical  devices,  or  masks 
for  them,  with  micronettir  nt  sttb-atictometrlc  resolution,  so  fai  ,  these  sy.stems  have  used 
either  mannally>'  '  *  or  computei-"*  conttoiled  stages.  The  lattet.  however,  legiiired  long 
writing  times  to  eliminate  tindeslred  f inctnat Ions  in  the  positioning  of  the  stage. 

ecently,  we  have  developed  a  computet -controlled  pliotol  Ithogi  aphic  .system  based  on  an 
Ai«#on  lasei  and  egulpped  with  electronics  that  are  both  analog  and  digital  at  the  same 
time*'.  This  enables  one  to  computet -ptogtamme  perfectly  stialght  lines  between  any  two 
points  arbitral  lly  rhosen  in  the  XY  plane  ovei  an  area  as  large  as  •?0  mm  x  SO  mm  and^  above 
all.  to  obtain  veiy  smooth  and  fast  displacements  between  them  which  have  none  of  the 
rlprl<“e  typical  of  digital  systems. 


Accordingly,  masks  £oi  some  typical  geometr 
directional  cotiplets  and  Marh'Zcimdei  rltrults 
have  lieeii  made  whose  “dg*  toughness  Is  so  smooth 
that  optical  microscopes  cannot  •valnate  It. 

Tills  system  ha.s  an  autofociia  me<'hanism  which, 
by  means  of  a  piezoelectric  maci otranslatoi , 
contioJs.  Ill  teal  time,  the  reciprocal  distance 
between  the  focusing  optics  and  the  mask  to  he 
patterned,  ftellmlnaty  •xpeilmeiits  with  white 
ciown  glas.c  chrome  masks  have  been  can  led  out, 
using  th«  t«ic|inlgue  of  field  assisted  Ag* 
exchango*.  to  make  passive  optical  liitegtated 
c  1 1  ciil  ts  , 

2.  eXPeRIHEIITAL  APPARATUS 

r  pliotol  ithographlc  system  consists  of 
.chi'C  main  blocks:  tlie  Argon  and  Me^He  laseis 
foi  wilting  and  focusing,  respectively,  and  the 
optlcR;  th*  XV  stage  with  the  position 
1 1  ansdiirer  s ,  the  macrotianslatot  for  the 
antolofiie  and  the  sample-holder;  the 

elect for  driving  the  system  and  for 
Intel  faring  It  with  the  computer. 

A  cF.ppJete  diagiam  of  the  system  ja  shown 
In  fig.l.  All  ail -conied  blue  Atgon  lasei  (  1 
IPS. Bum)  with  5mW  output  power  on  a  TEHOO  spot 
has  been  used.  This  laser  splits  up  Into  two 
heamr:  one  la  used  to  monitor  the  power  level 
while  MtP  other  Is  bent  by  a  mlitoi  onto  the 
focusing  mlcioscope  objective,  in  fact,  tii  order 
to  obtain  a  very  high  focusing  power,  large 
apeitnie  optics  le.g.  microscope  objectives! 
must  b‘>»  used.  These.  In  tutn,  have  a  small 
(nciislng  depth  which  gives  rise  to  critical 
fncnslng  rf>ndl t ions .  so,  an  aiitofocns  mechanism 


ies  such  as  Y~ junctions,  star  couplers. 


Figure  1.  Diagiam  of  Ihe  lithographic 
system,  showing  the  laser s, 
the  optics,  the  X-T  stage 
and  the  interconnections. 
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‘Dipt.  Ingegnera  Eleltrica.  Viale  delle  Scienze.  90128  Palmno.  Italy. 


ABSIRAa: 

A  novel  technique  for  fabricaaon  of  thin-film  grating.r  i*  reported.  A  CdS  film,  deposited  onto  an  ion-e»ehanged  glass 
waveguide,  is  photo  etched  by  a  focussed  Ar-laser  beaut.  Computer  controlled  movement  of  the  sample  allows  for  the 
formation  of  periodic  structures,  tested  for  input  and  output  coupling.  Some  interesting  effects  due  to  the  simiilianeous 
presence  of  longitudinal  and  transverse  gratings  ate  discu.ssed. 

We  also  piopose  the  technique  in  the  realization  of  integrated  optical  devices  for  communications. 

I  INTRODUenON 


I  aser-conuolled  microchemical  processes  for  deposition,  etching  and  ihtping  of  electronic  materials  have  N-come  wi^ly 
inveri^gatcTSn  e  tl!?  «riy  Tvast  numb^ different  technological  processes  has  been  demonsua.ed  for  vattons 

rcficclors.  fiher-to-goide  couplers  and  wavelength  ^mulUplesers. 

2x£XEEBIMEtaAI. 

|„  this  secliru.  we  describe  the  basic  experimental  procedures  followed  in  the  preparation  of  the  final  device.  D,«  to  the; 
processes  involved,  each  sub-.section  will  outline  the  telaled  technology. 

7  (  I  aliricalion  of  jtatMf  tl3SS  waVCgultla 

P,n  .be  lalHication  of  slab  optical  -vegnides.  ^  we.«  X^^^ilmed  sXti^^^^^  Erifa^^m'^i^C. 

aluminium  boa.  placed  in  a  tempentture-conuolled  furnace.  Exchanged  samples  wem  allowed  to  slow  cooling  and  then  rmsed 

T^gX  were  tested  by  the  coM^  | 

6^7  Hiini.  \n  agreement  wiUi  (he  reswhs  fcpfM-tcd  '  [P  nitc  m  ixx>r  lernncrainrc  comrol,  propagation  losses  l 

rrsnlis  were  obtained  with  Coming  slides. 
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ABSTRACT 

Steel  cladding  processes  are  usually  perforaeff  In  different  ways:  hot  roll  cladding*  atrip 
cladding,  weld  cladding*  explosion  foraing.  For  the  first  tine*  a  sedlua  power  (2  K¥  c.w.) 
CO  laser  was  used  to  clad  structural  steels  (Fe  37C)*  3  and  5  thick*  with  austenitic 

stilnless  steels  (AISI  304  and  AISl  316).  0.5  and  1.5  as  thick.  The  cladding  technique  we 

have  developed  uses  the  laser  penetration  welding  process.  It  enables  one  to  obtain  clad¬ 
ded  plates  by  asking  narrow  weld  beads*  at  high  processing  speeds  <  J 

netrate  the  structural  steel  substrate  through  a  depth  varyng  froa  2%  to  20%  of  the  cladded 
plate  total  thickness.  So,  aono- and  bl-eladded  plataa  have  been  aade.  Horeover,  a  elad« 
ding  process  esllsd  •ono-clodded  plots  with  "Insert*  was  tested.  In  this  kind  of 
■snt,  an  austenitic  stainless  stsel  plats  (AISl  304  or  AISI  316)  or  a  ferritic  one  (A1S1430) 
Is  ssndHlched  between  a  etroctural  steel  (Fe  33C)  and  a  atalnleas  one  (AISI  304  or  AISl  316) 
to  fora  a  wafer-llke  structure.  This  was  done  to  reduce  to  tha  alnlaua  level  the  corrosion 
risks  of  tha  cladded  eleaenta.  In  the  Junction  points.  the  Influence  of  two  different  •»»!- 
stant  gases  (He  and  H.)  was  evaluated  at  various  procasslng  speeds, on  both  aono  end  Bi-ciao- 

-  sssssk 

1.  IHTROOOCTIOH 

Steel-eladdlng  proceeee.  are  an  object  of  growing  Interest  for  the 
in  .11  those  situation,  that  require  “con^l^^”de^n“-  often 

having  good  nechanical  Fealatanc^  In  au^  caMSj_^ln^fac^^  stainless  steel, 

prevent  discourage  the  use  of  atructurea  without  any  Inherent  loss  In  standards  of 

The  ability  to  achieve  notable  aggregate  ^  Jus  construction  of  pressure 

quant,  or  rellablllt,.  renders  »  ^^-“‘-^^"S.i^rjirthrcheLcS?  ^tro”he-lc.l  ««1  nu- 
veaaels,  flsed  or  aoblle  •^®?***  of  water,  pre-fabrlcsted  eonponents  for 

clear  Industries,  apparatus  SwpliySd  today  for  obtaining  ateel- 

the  building  industry  etc.  The  principal  tec^iqu«  cladding  and  cladding 

cladding  are  'Ijfti  Sbtalnable  with  such  procedures  In  ter»8  of  coat, 

by  Mans  cf  plasma-filling.  The  result*  cot*  irh»lr  use  The  capacity  to  generate 

nechanical  characterletIcB  and  Interesting  and"  particularly  adaptable  to 

mi  sKtrenel,  high  power  i^JSrJ&TSgleS  enployed,  welding  by  wmn. 

steel  -  clsddlng  processes.  Compared  with  tM  ocner  presence  of  wlnor  dlstor- 

of  s  User  presents  some  advantages.  above  all?  the  poaslblllt,  of  achle- 

tloos.  very  restricted  heat  '„iJ,,tion.  the  salient  ^Ints  of  which  are 

vlng  a  high  welding  speed.  The  «P*J‘"*"**J  of  laser  welding  process  for  the  conatru- 

posalble  correlation  between  nechanical  propertlaa  ana  necnx.u  gto 

3.  HESEAHCH  PHOCIIAIIIg 

A  reaearch  pro,r«;«  was  ••««‘*:-.j%:a%c"«!‘%:^‘rcCi^fy"Tt:d?:5‘::.‘’th:‘- 
pologles  of  sheets  oladdad  using  the  laser  welding  P  gases  (lle.H-)ln  the  aanu- 

influence  of  various  “3‘DJ_slnlIar  bl-claddsd  sLsts  and  mSno-cl added  wttti 

facturs  of  nono-oladded 

insert  sheats.vary Ing  the  naterlals  and  thieknasaea  . 

3.  FJlPEHtliaiTAL  WETHOPOUXIT 

The  Miterlal.  used  In  »*>•  •*P?;ir;‘*5^®".;;;Sn!rg«5i'’c;  in  thlcknaaae.  of  3  -a  «I 

; z  -  «•  ■" 

-  s  z  . . .  «  »«»— 

The  thiekneaaea  have  baan  chosen  to  aehleva  a  cladding  of  about  lO  ♦  zu  a 
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Metal-silicon  Reactions  with  Laser  Pulses 
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University  of  Lecce,  Department  of  Physics,  Lecce,  Italy 
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ABSTRACT 

The  work  done  on  the  synthesis  of  metal  silicides  by  using  different 
pulsed  lasers  (ruby,  Ndsglass,  excimer)  is  presented  and  discussed.  We 
found  that  excimer  lasers  offer  much  better  characteristics  for  anneal¬ 
ing  of  metal/silicon  systems  in  comparison  to  solid  state  lasers. 


Integrated  circuit  technology  has  advanced  significantly  since  the 
^  rly  years,  when  structures  had  feature  sizes  of  10  um  and  more,  to 
the  present  time  when  devices  with  feature  sizes  of  0. 8-1.0  um  and 
'junction  depths  of  0.1-0. 2  um  are  produced.  Nevertheless,  the  increas¬ 
ing  demand  for  circuits  with  higher  speed  and  higher  component  densi¬ 
ties  is  leading  to  new  circuit  design  and  to  new  device  structures  ba¬ 
sed  on  innovative  materials.  Materials  at  every  level  of  device  archi¬ 
tecture  must  be  modified  or  replaced  as  circuit  elements  are  decreased 
in  size,  considerations  of  power  loss  and  transmission  speed  are  driv¬ 
ing  integrated  circuit  designers  to  lower  operating  voltages,  where 
interconnect  resistivity  and  uniformity  become  increasingly  important. 

Metal  silicides  are  of  great  interest  in  modern  integrated  circuits 
technology  to  provide  ohmic  contacts,  Schottky  barriers,  diffusion  bar¬ 
riers,  interconnects  and  so  on.  As  metallization  materials  they  have 
thradvantage  of  being  much  lower  in  resistivity  than  polycrystalline 
silicon.  Usually,  metal  silicides  are  produced  by  evaporation  or  sput¬ 
ter  deposition  of  a  thin  metal  film  (typically  100  nra)  on  a  silicon 
substrate  (single  crystal  or  polyslllcon) ,  followed  by  a  heat  treatment 
a-  an  appropriate  temperature  (typically  1000  K,  for  1000  s). 

%  -atment  is  usually  carried  out  in  a  vacuum  furnace  or  in  a  furnace 
Flushed  with  inert  gas.  This  treatment  poses  some  problems.  In  lact, 

'  tL  present  trend  in  integrated  circuit  technology  toward  higher  device 
packing  density  and  decreased  dimensions,  requires  low  resistance  thin 
film  materials.  But  the  used  materials  must  present  temperature  P^oper- 
tiL  compatible  with  other  silicon  processing  operations.  Near  noble 
and  transition  metal  silicides  are  at  present  exstensively  studied. 
Near-noble  metal  silicides  form  at  quite  low  temperatures,  but  they  can 
suffer  phase  transformations  during  subsequent  thermal  operations.  In 
contrast!^  transition  metal  silicides  are  difficult  to 

annealing  at  very  high  temperature.  The  thermal  cycle  can  result  in 
significant  dopant  diffusion  in  the  silicon  substrate. 

The  main  advantage  of  the  laser  annealing  technique  is  then  evi¬ 
dent:  the  use  of  laser  radiation,  which  deposits  most  of  Its  energy 

near  the  sample  surface,  allows  the  reaction  temperature  for  silicide 
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AflSTHitCT 


Xlloyi  roitlnga  for  aiiperallnya  for  Inproxad  hlglier  tamperatura  (l?00-C)  arrvloa  Ufa  under  agoioaalv,. 

atmonphri- • !  . . If  Itilai  eal  at  praarnt .  There  la  a  general  nonaenaua  that  addItIcMi  of  rare  earth*  .aorh 

a.a  ntfnhm  (Hr)  to  lhe,ae  alloy*  lia*  a  pronoiinoed  affaot  on  the  oxidation  rnalstanea  propertlea  at  hlxh 
temper Uiire a.  In  *ltii  laaer  cladding  teohnidue  was  ii*«d  to  produce  111 -»1 -Cr-lir  alloy*  with  extended  aoiid 
aoliltlon  of  Ilf  In  a  n»ar  stoichiometric  Ht^Al  matrix.  A  10  kH  CW  COp  laser  was  used  In  conjimctlon  with  a 
dispenser  to  p<»rfor«  th«*  In  «lt«i  cl.'iddlng  IVemlxed  alloy  powdor  from  th^ 

waa  allowed  t.o  fall  onto  the  fliuhatrate  (Retie  flO,  a  nickel  based  superalloy)  at  the  aaeie  tliiK*  and  location  a.-* 
tlie  laner  beam  In  order  to  form  the  cladding.  <*V;aonlng  Rlectron  MIerosoopo  (55FM),  TransfNta^^lon 
Microscope  (TEM),  and  Scanning  Transflile.eion  Electron  Microscope  (STEM)  attached  with  Energy  Dispersive  X-ray 
(EDX)  analyzers  were  employed  for  mlcrostructural  evolution  studies  of  alloys  produced  during  the  laser  clad- 
dl^'  '  «roccss. 

Th«»  mlcrostriicture  of  these  alloys  oialnly  consist  of  dendritic  cell  of  Y'  which  Is  of  the  Mlmfll  type 
with  about  ll-l*!  wtT  Ilf  and  an  Interdendrit le  eutectic  phase.  Aluminum  In^  the  MKAl  waa  found  b«» 
partially  replaced  by  Cr  and  Ilf.  Altliough  there  were  some  subtle  differences  In  the  cell  spacing,  coiiip''S 
Itlofi  and  oth«r  minor  foatiires  between  the  samples  depending  on  the  iwocpss  parameters,  no  ridleal  differ 
enccs  were  observed.  R-ised  on  the  obser  vations  made,  the  possible  phase  transformation  se^ueni^e  nf  this 
group  of  laser  clad  MI-AI-Cr-Ilf  are  suggefited  below. 


l.lguld(L)  *  »1  ♦  L  ♦  y  ♦  E  ♦  T'  *  (Y*  *  «-) 

p  p  P  E  K 

where  Yp  Is  primary  r'  phase  with  ordered  f.c.c. .  structure  *p  I*  eutectic  Y’  phas-*  Jith  order. >d 

r.c.'.  atru«'ture,  and  Is  the  other  eutectic  phase  with  heavily  faulted  f.c.c.  structure.  C  represents  the 
eiiteetic  phase. 

The  »»ii*e«*t(e  phase  Is  a  mixture  of  two  phases,  one  Hf  rich  and  the  other  fff  Jean,  hark  field  mifro.s ' 'py 
’  In  the  dendritic  zones  reveals  ordered  domains  and  the  m<>rplii>togy  of  the  dom-alns  depends  on  th®  pT'or-'ss 
pacaosters  used  dut'lng  laser  cladding.  Convergent  beam  electron  diffraction  and  x-ray  spectroscopy  h»v‘»  i»ecn 
applied  to  char.icter I te  the  phases  formed  during  the  cladding  process.  Initial  Differential  Thermal  At»alyala 
(DfA)  wort  htdfr.afes  that  the  r'  dissolution  temperature  for  the  claddings  Is  at  l»ast  as  high  as  th«  sub 
3trat«  mit^rlal  (R^n*'  RO)  if  not  higher. 


In  order  to  evaluate  the  oxidation  response  of  the  claddings  with  respect  to  the  3i;bstrate  matet'lal, 
thermogravlmetric  analysis  (TOA)  was  carried  oiit  In  a  TCA  unit.  Single  cycle  oxidation  tests  of  sight  heurs 
at'  >0'’C  In  slow  flowing  air  reveal  that  the  claddings  l»ave  9  lower  weight  gain  rate  th.an  the  sub.'trato  it 
I  se(».  Hlrrorh^fllstry  and  mlcrostructure  of  the  oxidized  san^les  ere  examined  using  SEH  attached  with  EPX  and 
AifgfC  Fl'>ctrcn  r>pectr'>scoplc  (AE.S)  techniques.  The  oxide  scale  In  this  system  Is  primarily  Al^O^  and  th*»  Im 
provement  In  the  oxidation  resistance  Is  believed  to  be  at  least  partially  due  to  the  foriMtlon  of  mechanical 
pegs  of  hafnta,  which  hold  the  alumina  on  to  the  substrate  and  prev^mt  oxide  spallation. 

??!•’ ircricii  modeling  of  diffusion  was  .also  carried  out  to  estimate  the  extent  of  the  extended  sciid 
solutl-^n  in  laa,»r  cladding.  Ry  Incorporating  a  noneqiitllbrlum  partition  coerflclent  for  dilute  ■solution  the 
model  wan  died  to  determine  nonequlllbrlum  phase  diagram  for  Ml'-Hf  and  Ni-Al  systems.  The  th«»or»tlcal  pre¬ 
diction  C7»wpar«3  well  with  experimental  data. 

I,  HmWOOCTlOK 

Alloyd  r>'r  coatings  for  gas  turbines  require  superior  mechanical  properties  and  oxidation  resistance  at 
elevated  r emperatures  (1?00*c)  and  aggressive  environments.  In  recent  ye.ars  attention  has  been  ro<Misspd  on 
Jcv#|dp|tig  sdUible  high  temperature  oxidation  resistant  protective  coatings  for  nickel  or  cobalt  bas**  super- 
.slloya  fir  ••niMiioed  service  lifetime.  H-Cr-Al-RE  (M  -  Ml,  Co,  Fe  and  RE  •  rare  earth)  systems  are  widely 
uied  for  iiirh  coatings.  These  coatings,  when  obtained  using  the  right  proportion  of  the  elements  tend  to 
firm  Aiyi^  rich  scales.  ^(9^1  (he  coating  of  choice  because  of  Its  limited  volablllty.  sluggish  growth 
k!ncM*’:‘i,  *'o|ai,|vely  Inert  benavlor  and  also  because  oxygen  diffusion  through  the  oxide  scale  Is  also  ex- 
trem-'*!/  imtl. 
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very  nature  of  laser  surface  melting  allows  for  localised  modification  of  a  surface, 
and  1«  thiff  feature  which  makes  Jt  Ideally  suited  tf>  treatment  of  single  point  cutting 
tools,  nigh  speed  steel  H42  material  has  been  laser  surface  melted  and  In  trials,  the 
resulting  microstructural  modifications  have  produced  improved  cutting  performances  over 
conventionally  heat-treated  material,  in  addition,  laser  alloying  of  a  low-alloy  steel 
substrate  to  achieve  an  H42-type  cutting  tip  has  also  demonstrated  acceptable  cutting 
perfoemanres.  With  the  different  wear  conditions  encountered  in  die  materials,  it  Is  thought 
that  the  addition  of  ceramic  material  to  the  die  may  enhance  performance,  and  preliminary 
work  on  surface  melting  and  alloying  of  this  type  of  substrata  is  also  reported. 

1.  IHTIIODUCTION 

Tool  steels,  partlculsrly  high  speed  steels  used  In  cutting  (H-typel  and  cold  work  dlA 
steels  (O-^vP^)#  normally  contain  large  carbides  resulting  from  the  initial  casting  process. 
The  role  of  these  primary  carbides  in  wear  situations  Is  a  matter  for  some  conjecture,  but 
they  do  contain  a  large  amount  of  alloying  elements  which  would  otherwise  be  available  for 
solution  during  austenitising,  and  their  presence  Is  known  to  reduce  toughness. 


In  order  to  minimise  this  embrittling  effect,  various  techniques  are  used  to  redistribute 
r>r  avoid  these  large  carbides*'^.  Conventional ty,  tool  steels  undergo  hot  working  to  change 
the  segregated,  as-cast  structure  to  one  containing  a  homogeneous  distribution  of  primary 
racbidfyt*"^.  More  recent  developments  include  thermally  sprayed,  rapidly  solidified 
powders'*^"'  and  the  development  of  lower  alloy,  matrix  tool  steels  with  the  added  economic 


Th**  un«  of  high  power  continuous  wave  CO^  lasers  to  surface  melt  tool  materials  provides 
two  possible  advantages.  Firstly,  a  supernoated  melt  poo]  results  in  dissolution  of  the 
primary  carbides,  ana  the  subsequent  .solidification  of  a  much  refined  structure  without 
primary  carbides.  Secondly,  the  inherent  features  of  laser  surface  melting  mean  that  the 
cooling  cate  during  solidification  borders  the  'r^pid  solidification'  reglm*^  Introducing 
the  possibility  of  extended  solid  solubilities.  Work  on  splat  quenching  of  M42®  has  resulted 
in  a  significant  modification  of  secondary  hardening  characteristics,  reported  data  showing 
an  increase  in  the  maximan  hardness  achieved  and  the  tempering  temperature  at  which  the  peak 
occurred. 

Melting  the  substrate  also  allows  the  possibility  of  changing  the  chemical  composition  of 
the  surface  via  laser  surface  alloying.  This  process  provides  two  routes  to  follow.  Firstly, 
a  .surface  of  H42  composition  may  be  created  by  laser  surface  alloying  of  a  low  alloy  steel 
substrate,  allowing  substantial  savings  of  strategic  alloying  elements  in  the  bulk. 
.Secondly,  the  addition  of  alloying  elements  to  a  tool  steel  substrate  for  enhanced 
mechanical  properties.  This  modification  may  result  from  either  the  creation  of  a  hard  phase 
as  a  sol idif IcatCnn  product,  or  by  providing  additional  material  to  contribute  to  secondary 
hardening,  wear  teats  of  surface  alloyed  D3  materials  simulating  cold  forging  are  underway. 


two  possible  advantages.  Firstly,  a  super 
primary  carbides,  ana  the  subsequent  .soli 


EXPERIHBWTAL  PROCEPUKB 


2 . 1  Material 


The  compositions  of  the  two  alloys  used  are  given  in  Table  1.  F12  is  a  high  performance, 
high  hardness  high  speed  steel  used  generally  in  the  cutting  of  ultra  high  strength  steels 
and  nimonlc  alloys.  03  is  a  much  less  expensive,  high  chromium,  high  carbon,  cold  work  die 
steel,  widely  used  in  extrusion  dies  and  punches  for  forming  of  a  wide  range  of  engineering 
materials. 
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Inday  the  most  common  lasers  tor  operations  ■>„  an 
industrial  scale  are  the  COz  lasers  principally  because 
of  the  low  operating  cost  and  the  high  ene.  gy  convnrtion 
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ABSTRACT 

Fabrication  of  thick  oxide  ceramic  coatings  upon  a  metal  substrate  by 
laser  processing  has  been  investigated.  Crucial  parameters  studied 
included  beam  power,  diameter,  overlap  and  traverse  speed,  feed 
powder  size  and  coating  environment.  Coatings  were  characterised  by 
a  range  of  surface  analytical  techniques.  The  corrosion  protection 
afforded  by  a  coating  was  assessed  in  both  oxidising  and  sulphidising 
environments . 


1 .  INTRODUCTION 

The  corrosion  protection  of  high  temperature  alloys  used  in 
industrial  environments  usually  relies  on  the  formation  of  a  CrjOj  or 
AI2U3  surface  layer.  This  protection  can  be  undermined  by  the 
diffusion  of  constituents  of  either  the  alloy  or  the  environment 
-ong  grain  boundaries  or  other  short  circuit  diffusion  paths  in  the 
oxide,  causing  scale  failure,  including  spallation.  One  possible  way 
to  improve  the  situation  is  to  apply  an  amorphous  ceramic  coating  to 
the  alloy  which,  because  it  has  no  grain  boundaries,  provides  a 
better  diffusion  barrier  than  the  naturally-formed  oxides.  The 
effectiveness  of  this  approach  has  been  demonstrated  as  thin 
(S  20  pm)  amorphous  silica  coatings,  applied  by  vapour  deposition 
procedures,  greatly  improved  the  oxidation  behaviour  of  a 
20%Cr/25%Nl/Nb  stabilised  stslnlesa  steel  <1)  and  the  oxidation, 
sulphidation  and  carburization  resistance  of  Incoloy  BOOH  (2). 
Amorphous  ceramic  coatings,  therefore,  could  have  immense  potential 
in  providing  corrosion  protection  in  a  range  of  technologies. 
Unfortunately  for  many  applications  geometrical  considerations 
prevent  the  use  of  the  existing  chemical  (CVD)  and  plasma  assisted 
(PAVD)  vapdur  deposition  processes.  Consequently,  there  is  a  need  to 
develop  an  additional,  versatile,  coating  procedure  without  these 
constraints  which  ideally  would  be  similar  to  plasma  spraying  that 
unfortunately  cannot  be  used  with  silica. 
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laser  surface  treatment  of  AISI  420  too)  steeJ 

R.  Vilar.  R.  M.  Miranda,  A.  S.  Oliveira 
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Samples  of  a  martensitic  stainless  steel  containing  0.471C  and  !2.8tCr  were  surface 
melted  using  continuous  wave  CO?  laser  radiation  and  a  multiple  pass  technique.  The 
structure  of  the  laser  modified  layer  was  studied  by  ootical  microscopy,  scanning  electron 
microscopy  and  X  ray  diffraction. 

The  melted  zone  presents  a  narrow  region  near  the  fusion  line  with  a  ferritic- 
-nartensitic  structure,  that  seems  to  have  solidified  by  an  almost  partitionless 
mechanism.  It  is  followed  by  a  cel  lular-dendritic  structure  in  the  center  of  the  melted 
trail,  that  consi s ts  on 8 - ferri te ,  martensite  and  carbide.  The  absence  of  austenite  is 

surprising;  it  can  be  explained  by  the  tempering  effects  of  the  solidification  structure, 
due  to  subsequent  laser  passes. 

1,  INTRODUCTIO.M 

Laser  melting  is  aii  excellent  method  for  producing  rapidly  solidified  surface  J" 

a  controlled  and  reproducible  way.  A  large  range  of  cooling  rates  can  be  produced  by  this 
technique,  depending  on  the  laser  type  and  working  mode,  on  the  processing  parameters  and 
on  material  properties.  As  a  result  of  fast  cooling,  very  interesting  non  equilibrium 
structures  are  pioduced.  which  are  characterired  by  the  fine  scale  of  their  morphological 

r.  .  ..  _  _ M.. »  a  »  ak  I  nkaeave. 


having  a  goo5  compromise  between  hardness,  toughness,  wear  and  corrosion  resisrance.  n 
this  oarer  we  describe  preliminary  results  of  an  investigation  on  laser 
of  AlSI^tZn  steel’,  which  aims  to  evaluate  laser  treatments  for  the  improvement  of  wear 
corro!«iof»  properties  of  plastic  moulding  materials. 

2^EmRlMENTAL  METHOD 

lommercially  available  AISI  42n  steel  was  used  in  the  pre.sent  study.  Its  chemical 
composition  is  given  in  Table  I. 

Table  I.  Chemical  composition  of_lhe_steel - — 

-Ete-ie-Hf - C - o  La  oL, 


wt  r"  0  '*-!  W.8Z  0.2T  „0.ZA_.0^1g, _« . 

In  the  ranges  Indicated  in  Table  II. 

Table  11.  Laser  surface  *eltinj_condltion5 - 

T;ii?7  - K 

Translational  speed  of  the  table 

■Sj^imen  distance  to  focus _ OiUiL?J5'!! - 

.tftei  melting,  the  specimen,  were  sectioned  and  <>'>«^"tI:Lt?ultCLr‘^?S’'wejr""‘"'' 
election  microsfopy  and  X  ray  diffraction.  Specimen,  f®*-  •^"1  oJ  HuLkaLL 

prepared  by  mechahical  polishing  followed  by  etching  In  one  of  Villelas  or  Murakami^ 
Veagenls.  The  topography  of  the  a, -solidified  surface  was  observed  by  scanning  electron 
microscopy  without  any  prior  preparation. 
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ABSIRACI 

Prei  iinjnary  results  of  an  ineesttgation  on  laser  welding  of  AISl  3(il  stainless  stoel 
thill  sheet  are  presented.  Welds  were  made  with  a  continuous  wave  laser,  \aiying  power 
density  .iiuJ  welding  speed.  The  welds  were  studied  hy  optical  and  electron  ^canning 
microscopy.  X-ray  diffraction  and  hardness  tests.  CKperimentaj  results  show  that  under 
appropriate  conditions,  sound  welds  are  obtained,  with  a  negligeable  heat  a f fee  ted  rone  and  a 
fine  microstructure  in  the  fusion  rone.  The  fusion  zone  shows  a  celltilar  -  dendritu 
microstrucfuie.  with  austenite  and  ferrite  as  the  majof  const  i  tiienp .  Ferrilr.  whoso 
content  is  5  to  71,  is  predominantly  intradendritic  with  hoth  vermicular  and  aLicului 
morphologies.  However  some  in  terdendr  i  t  ic  ferrite  may  also  he  »vrescnt.  The  cha  j  at  i  cr  i  s*  t  it- s 
of  the  structure  suggest  that  the  sol  idi  f  icat  ion  mode  of  MSI  301  stainless  ■iteel  is 
essentially  ferritic. 


L.  introouchom 


Austenitic  stainless  steels  are  monophasic  after  annealing  or  water  quenching  due  to 
the  sunrcssiori  of  the  r  ‘a  transformation,  that  results  from  the  addition  of  nickel  and 
chromium  to  iron.  On  the  contr«arv.  after  welding,  the  mic  i  ost  rue  t  ure  of  the  ;»s  wcidt-d 
metal  is  dual  phase,  with  an  amount  of  ferrite  that,  for  conventional  welding  processes, 
can  ho  pieJicied  from  the  chemical  composition  of  the  weld  meial.by  empirical  diagrams  IiKe 
those  proposed  by  Schaeffler^  and  Helong-.  Tor  welding  procedures  that  produce  fast  cooling 
rates  (like  laser  and  electron  beam  welding),  the  cooling  rate  is  also  inmort.ant  on 
determining  the  structured  Since  a  certain  amount  of  ferrite  in  the  weld  me t a  1  prev cut s 
ho!  .racking  and  affects  stiength  and  corrosion  resistance  -  .optimization  of  the  weld 
propel  ties  is  achieved  by  controlling  the  proportion  of  5  ferrite  and.  to  a  certain  extent, 
its  morphology. 


A  iIvtJilcJ  uiidei  standing  o{  the  correlation  between  the  J  if  *  sliiitala'and 

in  MSI  series 


.%  tfviaiieu  uiiuc  j  9  i  (iMu  mv  %.  .  v  .  «  »  » w..  wv-.---”  . . jft- 

metal,  its  composition  and  its  thermal  history  is  far  from  accomplished 
coll.'^'-'^  suggested  that  three  different  soiidi/icat  ion  modes  ,  , 

5110  austenitic  and  austen i C ic- ferri I ic  stainless  steels  welded  b)  shielded  and  gas 

The  solidification  mode  depends  essentially  on  the  balance  hetw.tn 


tungsten  arc  processes. 
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,i  and  ,  stabilizing  elements,  expressed  by  the  ratio 

IM  K  Iilatr-d  hi  hoi  ong  eqtiat  ions .  t 
,,Ni,  .  I.4S,  anstenite  is  tho  lirsi  phase  to  grow  and  ferrite,  il 
eutectic  icacfion*^.  These  «hases  Jo  not  suffer  an) 
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duiing  cotjJirig  and  arc  kept  in  the  mctaesiable  condition  at  room  femperature. 
structuje  was  classified  as  type  A  by  the  authors. 

-  foi  Cl  fl/Ni-  >1.95.  the  first  phase  to  solidify  is  ferrite  and  austenite,  it  any.  is 

foimeJ  by  a  solid  state  t  ransform.ii  ion .  Ferrite  present*^  an  acicuiai  (or  lathvi 

morfolocy  and  its  content  is  greater  than  IH. 

-  for  1 . 48  Crej/Ni^j.  •.  1  .95 .  intermediate  structures  (type  B)  are  observed,  that  h.ae 

features  in  common^  with  microstruciures  of  type  A  and  f*'*.  For  those  compositions, 

ferrite  is  the  first  phase  to  solidify;  austenite  forms  from  the  melt  at  the  i n t er^vd i j  u- 
spaces,  by  a  pcritectic  or  an  eutectic  reaction,  depending  on  the  composition  ('f  the  allov. 
or  results  from  ,i  solid  state  transform.it  ion. 


holder,  the  uulhois  consideied  that  the  influence  of  the  so  I  id  i  f  i  i  a  t  i  mi  m-nle  vs,i>; 
neglige. ible  cnmpai'cJ  with  the  influence  of  the  chemical  composition 

iJii\ id'  propo.sfd  .1  Jilleient  classification  ol  the  ferrite  muiphology.  Me  ident  i  I  ieJ 
four  distinct  types  of  ferrite  that  were  designated  by  vermicular,  -acy.  .Kicul.ii  .ind 
globular.  Ihc  first  three  typos  correlate  with  different  solidification  moJe.s;  on  the 
contrary,  globular  ferrite  appears  in  the  solid  state,  due  to  spheroidizat ion  anJ 
coullescence  of  other  morphologies.  Besides.  David  el  al.-^*’  showed  that  the  high  cooling 
rates  produced  by  laser  and  electron  beam  welding  affect  the  solidification  mode,  favouring 
austenitic  solidification  or  suppressing  a  *1  transformation.  To  synthetize  these  results. 
David  et  al.^  proposed  a  modified  Schaeffler  diagram,  which  includes  the  influence  of 
cooling  r.ife  on  the  mic  ros  t  rue  turc  . 

Alsi  5!il  stainless  steel  Is  extensively  used  in  the  construction  of  railroad  wagons 
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1.  INTROin’CIlOK 

''  (lisi.-T  a  lise,  heat  tre-a-eenl  ht  e-ieiij,  ij.e  |,s..i  I., a.  e  f  t ,  e 

Aeilal  I'tlit--t  ojtt  at'.s.et  til?  foUoxinT  question;  ;  M.-e  can  a  rea)  hiDh-p'.e,  i  a-e', 

-  ?  h-.at  if  its  shape  ?  Khat  ate  its  din.  nsi-eie  ; 

•'•'■  '■  '  -'ll  'jar'ian.  ht  't 'f  •  .‘..at  •  1  is  i,,.‘  ra.'lifTie  if.  t.:..e,,i  ,  t;. 

f'T'f'le  <if  It  is  kn.'sn,  what  is  unnriau  is  di((jt„it  i  c  ii,ttoh,..e  in 

n  •  1'  I  I  tf  I  •?,  (ill  T  at  r  ic  liar  fits  is  i»po"ihls  in  an  anslyt  i- ,i  n  .de  i  i  r  »i  i  ..n  i  . 

r  ■■  1  f  1 1  l  t  t  ■;  '..f  a  laser  t*.  an  *  i  .a  a  i  js*  is  a  i  e  •  ■  a  li.  J  t  s  at  ‘  |  t  I  I  •  p  ,  f ,  en  it  it,.  i  .  ,7 

i'  iii'  I  a-.  Ideal  3a,£.siiri  pr-.fUe,  tne  "tiiiTi"  can  t-t  i  ii-in  t,  '..ii,a|  wa,-  1 

'11  si'  'li  e'l  '  (I  e’l  4nd  eventuall-,  1  ,1,  j,  -at  .’'tlf  n-  i  ph'  .  Tiiis  is  1  j...  1  ,  ,1,  ti 
3.'.  '  »'  f'f  fsiii*  ^  ?J  d^ion.  4«vi  n*  :  1  i  ^  ‘  t  ‘  » r  j  f  ,  r  •  •  .  r  t  ■ 

:.titiiii  t  i*  ri.  •  ai-a,*  'ji.e'i.  for  at.  I*  -r  ♦.  o  *'.f  i\ 

ti.i  »•  'ii<  ph.sita^  si9'>i(  icdt  ion?  ana  t*'  -it)'  it**.  an-  f :  r 

s  4  . .  .  4*  t  )  •  ai  (  •'  {  Ci’..  1  vvt  y  Cl  f  (»  f  cnl  v'  f  '•  t  -  of  l «  i  i  f  ?  >■.  f  i  -m  •  j  •  t  ■  • :  »  = 

S  »  { ■  t  a  -J  ?  :f  f  lar;  l-<  »n  kith  a  r  ,  j  ^  ;  t  air  ..f  \r'  f  f!\  '  r  jf..  » .  , 

f  I  *  f^tr-  M«  ii  J  t  <■•  cf.a*  art  €  c  w*  tf  •  i  f  i  i  rr  - 1  f  •  sf  *  i*i  f '  -  f  t  >r  !  ■  i : 

i  j:  ^  ’ ‘.i  t  w  M  I  a  '  1  o:.i  f  ica' irt' ,  -3:.  on'l  » •  f  .  v  1  )  ;  f 

?  :  f»  ;  .  s  P  ’  '1  -  .  {  a  :  1  . 

2.  IHJlNniVi,  uf  rAKAMtlLHf  Afifsf  !•.•  CfiAlvW/ tfi  I  Tf.  A  Pr.AM 

1  •  r  s'tri  f -T  rs  n.;p\  fl.'-  r‘r;>fij«  *  Sc  an3  \\r  n  rf  ; 

IS  J  A'.r  ,  »f*Tj  iPw'Jt  t‘<-  a:  Ir  »«  o  I  1  *•;  to  tfi*  cftat  3'*  *  j  I &»  i  *  ?•«:■»«  .f 

5  ‘  f  '  ti  • '  ‘  r  1  a  i  J  r  r  «•  r  iv"  1 1  r  -  1  *. »  r  t  n*  *'»  3  -l  ic'  i  «  '  r  »  *.♦  1  ?  M  •.  j  '  ^e|  t  «;  d  f'>  :  ‘  •  •  •  :  • 

-•JTi*:;  r  '  r  3 .  C.n^  <•••.•'•  ii  l  iom«  t:ic  cf  ir-d.-fd  "i'-t  -  *  r  j*-*. -u  ■^ }  tra-:  f  tt^  .  ., 

I.*-.  *'•  of  »ii?  t  c  a'tc  f  n  >!  J  f*f>»  ,  t  f'f  1  :•  •  1  i  and  v  ^ j  •••••»  r  v'f  j- •,  *.  ; 

'  M  i  *  •  ►• .  r  .  •  3  J  •  i  or.  <  Ju  » era  i  *  i  n  f.  a  -  ff  1 1«'  i  'ivf  '  }  r  i  '  *  <  =  *  r  ‘  •  i  1 

1 1  ct  5  t  .1  n  i‘  I  ,  i  .  t  f.»:  ) Ai  n^r  ir  ^  cf  i:  i  «  1 1  nr  *•  {  vt  «  1 1  t  on'  .  f  M  .  t  »-•  n  •  f  »  »  I  .'i  5 . •  i  .• 

if'.-;!  "f";  t;  ttii  inij-Ai  »f(a»ctF  in  th*^  vicmi*.  .■»(  tfo:  an  a>cje  .an.j 

1 1  i»  M"'.  cf  C!i€  r-'ar  i?  np-^i  of  'f-.in  axin.  Con--^  j  KiOt  1  y  tl»*-  d.*-rir'ii>h  '.in  i  ••  Fi-rpifibcS 
af)J  J  paianet(*is  will  ir.aj  te  aMt  to  ci.aiact^r  th**  l-oan.  with  sufficient  ac'^ifocv  :  tl»r 
•  carried  T,  an  •  e^s.*  I  va  i  ent  radius*  r*  and  an  axial  •r-pre.jd*  factor  afFj,  wm--' 

r-«  f'.al  j3f««d  in  t»ie  int*‘fa7tion  plan". 


i«  )  Ktr  r' ai  ct.  •inti  at  the  "Laboratoiio  Naci'nal  d"  rn^«nl«ari.a  #*  1  "rnr-rl  04  i  ,-4  1  n  l-i-- r  t  1  .\1  ^ 
(t.NMH  of  Perr*-.  pf'S^nMy  at  t«»*»  rAtfF.tMAT. 
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£ncc9y  distribution  annlynls  of  hiqh  pover  laser  beso 
fioa  spots  on  paper 

J.Hcclin,  C.01ivelca^«  J. Dietz 

INSA  Lyon,  «JEflPI>M*CAU'ETMAV,  UA  CNMS  141«  F  69C21  -  Vlllcurbanne  Cedex. 


AbSTHACT 


v.licii  Cl  Ubci  beam  ratliatcs  an  isolant  matecial  like  i>aper  during  a  •nail  o£ 
time  {<0,'iit),  k.»e  iiUuced  oegrciJation  can  be  considered  proportional  to  the  incident  ener¬ 
gy  density  ("tluence").  This  fhcnoisciton  can  i>c  used  to  visualise  the  laccr  beam  profile 
bciote  ue  alter  crossing  an  optic  device.  The  beam  node  ,  its  possible  1 luctuot ions»  and 
tilt  interference  phenomena  introduced  by  <^tic  elements  can  be  easily  cvidcncintcd  (It  is 
only  ncccasary  tiiat  llucncc  he  includcc:  between  1  and  20  J/cm^} .  Xn  a  quantitative  view¬ 
point  t.ic  Observed  degradations  (level  of  coloration,  burn)  can  bo  stanJat.Urcu  it> 
fluciicc.  bo  for  a  given  interaction  tine  it  is  possible  to  define  the  local  density  power 
(*ii  rddiancu**  in  w/cm^Jc  necessary  to  induce  the  observed  degradation.  Consequently  it  is 
pouaiolc  to  reconstitute  the  energy  repartition  profile  of  the  bcaar  this  was  achieved  fof 
tin.  cose  of  c.w.  CUj  laser  of  4  kw  for  different  powers.  This  procedure  requircii  a  goc.;(i 
guallcy  paper  (type  Sprinter  inkjet  paper*)  and  the  accuracy  can  be  asclioratcd  ctlii.:irig 
a  "printer  thcrsal  paper*.  An  image  a<iai:,i.is  i.ottw«(rc  all(  wi;)g  the  tV.  .ucti  >  the 
intrinsic  ctu t actcc iat ics  of  the  bcaw  is  being  studied. 

1.  IHlRODUCflOK 

Vhccc  are  iiificrcnt  methods  to  determine  the  energy  repartition  profile  ot  a  ,asci 
uoaiu  (See  in  particular  ^  wtierr  a  coi;>plcte  review  was  acitieved)  .  At  present  the  n^cthoJi. 
tyi^o  detectors  Arrays  or  beam  scanning  arc  pcelereJ  to  those  based  on  the  principle  ..‘I 
"photogi jphic  plates*.  In  this  last  case  tlie  flux  of  the  incident  energy  density  ij 
evaluated  oy  the  'blackening*  of  a  photographic  plate,  he  ptopose  a  nethot:  piccenting 
similarities  with  this  photographic  method  but  still  easier  and  cheaper  to  achieve. 

In  tact  we  knuu  (sec  ^  iri  particular)  that  if  we  radiate  an  insulating  material  like 
paper  during  a  time  sufficiently  small  to  neglect  the  thermal  diffusion  (  <  0,1  s  in  piac- 
ticv)  ,  tiic  liuluccd  degradations  (yellowy-burn)  nay  be  considered  proportional  to  tse  local 
inouent  energy  density  ("tluencc"  in  J/c»*) •  This  phenomenon  can  be  utilised  to  visual irr 
the  energy  distribution  profile  of  the  beam. 

2,  QUALITATIVE  STUDIES  IHAT  CAW  BE  AClilEVEU  FftOM  LASDR  IMPACTS  ON  PAPi.H 

TO  do  this  it  is  necessary  to  dispose  of  a  good  quality  paper  (homogeneous  tc>tu;c 
with  tnin  giains)  type  writing  paper  and  it  is  also  necessary  to  can  pulse  ot  chop  tl* 
beau-  to  have  an  intcfaction  time  C  modulable  between  10**4  ^nd  lO'^s.  So,  for  a  given 
can  it.  powet  and  di:«cnsion  ot  the  beam  it  is  easy  to  adjustc  the  interaction  that 
conducts  to  degradations  which  evidence  the  energy  repartition  ot  the  beam  in  a  particular 
p)an«.'  and  in  a  given  Instant. 

Ly  tnis  -ay  we  can  dctcra-lne  the  evoluton  ot  the  cneigy  lepattition  along  the  bewR 
tinjuutoty  for  ditietent  emission  powcis  (see  fJg.  1).  Consequently  it  is  j'tsriblc  t.' 
uctCfA-inc  the  position  of  the  beam  waiut  or  the  point  of  focalisation  after  pasvii.g 
through  an  C|  tic  uystcn>. 

Xn  a  given  plane  we  Can  also  try  to  show  up  the  fluctuations  of  the  emission  mode  toe 
a  given  operating  condition  ot  the  laser  source  (see  fig.  2).  To  resltze  this,  the  beam 
must  be  chopped  (t.At  )  and  the  paper  siust  be  movea  with  a  speed  v. 

Kuitlicc  it  is  possible  and  easy  to  evidence  tnc  defects  introduced  by  an  optic  civtce. 
f'oi  example  a  dust  on  a  lens  induces  an  absorbtion  ot  radiation  and  a  diflraction 
piicnoxenon  wnich  can  be  observed.  Vic  can  also  accede  to  the  fine  structure  of  the  cniray 
repartition  for  example  after  crossing  an  homogeneisation  device  (type  kaleidoscope  10  x 
10  mm  in  the  ease  ot  tig.  3a).  The  line  array  ot  diffraction  (interfringc  •  0.12  u.m,  fig. 
3o)  shows  up  that  the  resolution  of  the  methc^  Is  of  about  some  tens  of  micrometer x . 

Theuv  various  experiments  are  related  at  length  in  3, 


C^lhcscocch  worker  at' the  'Laboratorio  Nacional  de  Cngenharia  e  Tecnologia  Zndustriwl" 
(LNkll)  ol  Porto,  presently  at  the  CALFCTMAT. 


Jones 

Fagosga 

Liceaga 

Jasnowski 

(Manuscript  Due) 


MEASUREMENT  AND  PREDICTION  OF  SURFACE  TEMPERATURE 
IN  RELATION  TO  LASER  SURFACE  HARDENING  OF  METALS 

B-S.Vilbag  R. Davies  Z.Vilba?  F.Begh 


Ercjves  Uni ver s t t es i .  Muhendislik  Fakultesi 
Kavseri  -  TURKEY. 


ABSTRACT 


When  Ihe  surface  of  the  material  is  heated  above  the  critical 
temperature  with  a  laser  beam,  metal luroi ca I  changes  occur  in  the 
surface  region  of  the  material.  As  the  laser  beam  passes, 
quenching  of  the  heated  surface  bv  the  underlving  mass  of  cold 
metal  can  produce  a  transformation  hardening  depending  on  the 
cooling  rate.  Therefore.  the  prediction  and  the  measurement  o/ 
cooling  rate  in  surface  hardening  is  essential. 

To  determine  the  cooling  rate  exper imenta 1 1 v .  the  surface 
temperatures  of  laser  heated  workpieces  were  measured  using  fast 
response  thermocouples  while  the  surface  temperature  distribution 
was  predicted  theoretically  for  four  different  workpiece 
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Movi  typo  of  modulntor  for  Intonoo  a?a  looor  rnditttlon  nnd  ito  oppllcotlono 
Olsbort  Stftupandohl 

Prlodrleh-Schlllar-UnivortitSt  3ono«  ?>oktlon  Tochnologto 
Grnat-ThAlMfinii‘>Rin9  32,  3eno  6900,  ODD 


This  popor  report*  on  a  novt  typo  of  fliodulator  v/lilch  can  bo  uaod  for  aony  opplleat^ono 
of  Intonao  CO2  ln«or  radiation*  Tha  aoduiator  la  boaod  on  tho  prtneipla  of  the  Fabry- 
Porot  Intarferoaotor  and  acta  aa  0  bona  aplittor  «vith  vnriablo  rofleetivlty  nhleh  la 
piocod  Qutaldo  tho  loaor  covlty,  Oy  aoona  of  tho  tuning  of  tho  opocing  botv/oen  tho  two 
plana  parallol  intarfaroaotar  pletoa  tha  intanalty  of  tha  tranamlttod  aa  tvall  oa  the  re- 
floctod  part  of  tlia  Incldant  loaar  baa«  can  be  aodulotad*  Tha  prlneiplo  of  conatructlon, 
typical  proportloa  and  aoaa  choractorlatie  applicotiona  aro  given* 

1.  iwniooiicTiow 

Many  oppllcntlona  of  COg  loaora  roqutro  pulood  rodlntlon  01  n  woll-doflnod  foot  aodu- 
lotlon  of  tlio  ifloor  light*  Gxoaploa  are  laaor  cutting,  (voiding  and  hont  trontannt  of  vo- 
riouo  notorlnla,  uaoa  in  tha  oloctronica  and  nicroaloctronica  Induatry,  o*g*  cuttlno  and 
ocrlbing  of  cornmlc  and  othor  matorlola  tvhich  oro  ouaeoptlble  to  thoraol  fracture,  fur- 
thertiora  drilling,  ongrovlng  and  norking*  ate* 

In  rocent  yoara  tho  loaor-aotorlal  intoroctlon  wna  Invoatlpolod  In  dotnll, 
bo^lc  phyalca  of  Inoorbooa  obaorption*  tha  plaapn  gonorotlon  loading  to  '’onboncorf  cour- 
llitg"  ond  tho  Influonceof  haot  Input  and  tnornol  conductivity  on  tho  procoaolng#  All  01 
thoao  procooaoa  dopond  on  tha  taaporol  bohovlour  of  tho  laaor  rodlotion  ond  thoroforo  the 
(voll-doflnod  aodolotlon  of  Intoneo  loaar  light  hoa  an  incroaalng  inportonco,  oapoclolly 
with  roapoct  to  laaor  aotarlola  procotaing  of  high  proclalon  ond  tho  Invoa ilgotlon  of  dy¬ 
namic  phanoflionn  In  thia  fiold*  A  typical  axaaplo  la  tho  proceaa  dynoalca  of  looor  cut- 


volopaont  of  modulotlon  tochnlquoa  for  Intonoo  uug  laaor  roaiorxon  irxrn  o  vu. 

llty  of  nil  moduiotlon  pnromotora  la  of  grant  Intaroot, 

rhlo  popor  roporta  on  a  now  typo  of  aodolotor  for  Intonoo  COj  loaor 
operotc*  outsldo  ond  lndop«nd«nt  on  tho  looor  eovlty.  Ito  ptlnolplo  of  ® 

poantblo  romorkoblo  proportloo  ond  cortoln  ndvontogoo  In  conpnrloon  to  tho  oodulntlon  ol 
tho  looor  poo  dlochorgo. 


rho  prlnclnlo  of  oporotlon  of  tho  oodulotor  la  boood  on  tho  toot  tuning  of  n  'joljry- 


Porot  interforoootor  (FPIJ.*  A  fpj  opioio  ino  inoiaoni  ■ 

a  rofloctod  port,  l.o.  the  oodolotor  oeto  oo  a  booo 

llcpi,  Tho  FPI  10  foraod  by  two  plotoa  of  tronoporont  aotoriol  both  with  *J:®®®*‘"9^ 
tf.S  ootor  oldo  ond  tho  rohoctlvlty  R  on  tho  Innor  oldo.  •'•“"‘"O 

thaoe  plotoo  ond  porpondleulor  Incldoneo  of  o  plono  wave,  tho  tronawtoaion  T  of  tha  FPI 
enn  bo  written 


f't 

T(d)  -  p~ 


1  ♦  -  2R  coa 


whom  Po  10  tito  tncldont  otnglo- f mquoncy  Itpht  powor ,  Py  tho  tmnoaitlod  P°"2^ ■  * 

wovSlongth  of  Uoht  ond  3  tho  opactnP  of  tho  FPI-  Flp,  1.  ll}"*!--"  «  JS”;"*"' 

of  T  on  tho  tunlno  of  tho  opocing  id,  tho  oo-collod  ''}jy'{®"9*i®2  ',^?I_14.,!|ona^  Tho 
and  two  rofloctlvltloo  R  -  0.3  ond  R  -  O.S  which  aro  ooltoblo  for  ooot  oppltMtlono.  Tho 
Rurvoo  ohow,  thol  tho  FPI  to  tonod  froa  oaolouw  (Ta,*)  to 

dd  -  A/d,  with  r„ax  •  1  and  T«in  troa  Bq.  1  tha  eontraat  Ky  of  tha  ayataw  la  dotoroinoo 
by 
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Laser-Induced  FormaMon  of  SlOa-Layers  for  MIcroelecIronics 
H.  Sigmund 

Instilul  (Or  FesIkOrpertechnologie 
Paul-Gerhardt-Allee  42.  D-8000  MOnchen  60 


Abstract 

<rter  a  short  overview  ahoot  the  difrerent  technique,  or  the  SIO,-ror„tlon  6y 
photo- Indwced  eethods  i/sed  In  elcroe/ectronics,  the  laser- Induced  deposition 
or  SIO, -layers  on  si  I  Icon  waters  fro.  TEDS  by  ArE  exclaer  laser  are  depicted  In 
wore  detail  and  the  deposition  conditions  are  outlined  In  dependence  of 
substrate  teeperature.  partial  pressure  and  laser  fluences.  The  physical 
properties  of  the  SlOj-layers  were  Investigated  by  ri-I»  spectroscopy  and 
•lllpsoaetryi  the  electrical  properties  of  CV -characteristic,  loblle  Ion 
density.  Interface  state  density  and  breakdown  voltage  are  given. 

Lu  tntrcdactlon 

In  the  conventional  sem I condfjc tor  processing  of  IC’s  chealcal  vapor  deposition  techniques  (CV0>  for  producing 
dielectric  thin  files  are  aalnly  based  on  thereat  or  pi asea- Induced  deposition  $yst»*s.  As  silicon  uafer 
dlaension  Increase  and  devices  features  decrease,  there  Is  an  ^nhenc^d  need  to  perfor*  device  fabrication  at 
reduced  teeperatures  or  reduced  tlne~te«perature  cycling  and  to  process  thin  dielectric  files  free  of 
radiation  daeaqe  to  the  devices.  HoraaMy  high  teeperature  processing  results  In  higher  quality  dielectric 
files  but  sleiiltaneously  high  teeperature  processing  can  cause  a  nunber  of  deleterious  effects,  like  crystal 
-defect  generation,  uncontrolled  dopant  diffusion,  large  flln  stresses  Including  wafer  warpege.  vhich  eay 
Inhibit  pattern  transfer  of  subsequent  photolithographic  steps. 

The  photO'Induced  deposition  through  Its  temporal  and  spatial  selectivity  rf  energy  dl'^trlbutlon  opens  new 
techniques  and  eethods  In  thin  dielectric  file  processing  for  IC’s.  It  can  avoid  aost  of  the  above  eentloneg 
drawbacks  of  conventional  thereal  or  plasaa- Indeed  deposition  techniques.  Especially  the  possibility  of  a 
laser-lnduced  deposition  technique  for  direct  structured  deposition  or  surface  aodlflcatlon  by  a  specific 
reaction  would  allow  to  slaplify  soee  process  sequences  In  the  1C  technoloqy,  so  that  the  expected  availability 
of  such  new  aethods  wHI  have  a  great  lapact  to  the  conventional  IC  technology. 

?.  Photo-Induced  foraatlon  of  SlO^-layers 


In  order  to  depict  shortly  In  this  context  soae  aost  laportant  photo-induced  techniques  to  produce  ?I0^  layers 
also  the  so  called  rapid  theraal  processing  aethods  are  aentloned.  Table  1  shows  diffarent  aod»8  or  pathes  for 
sheet  foraatlon  of  SIO^  especially  for  the  silicon  technology.  A  review  of  the  coaaonly  used  oxidation 
techniques  are  qlven  by  Kntz  /!/.  In  the  case  of  photo- Induced  csldatlon  of  a  silicon  wafer  the  radiation  is 
absorped  by  silicon  and  the  wafer  Is  heated  to  the  desired  reaction  teaperaturet  simultaneously  an 
photo-induced  enhanceaent  of  the  oxidation  rate  additionally  to  the  theraal  Induced  reaction  ornir.  The 
results  of  these  Investigations  are  reviewed  by  9oyd  /Z/.  It  Is  known  that  Interstitial  or  substitutional 
oxygen  atoas  In  the  silicon  crystal  may  preclplted  to  SIC?  If  the  concentrations  exceed  Halt  of  10^' 
0-atoes/caM  0y  high  energy  laplantatton  of  0-Atoas  (200  kevi  with  a  sufficient  high  dosis  (2  10'®  O/ra'l  a 
burled  $I02-Iayer  (**  O.T  xal  Is  foreed  after  annealing.  Here  rapid  optical  annealing  (1300-1400*0  Is  applied 
to  generate  a  stoicbloeetric  SlO^-layer  /!/.  Besides  other  techniques  like  crystallization  of  thin  poly-SI 
layer  this  so  called  SINOX-eethod  (Sepenltl.on  by  INplantatlon  of  OXygenl  Is  very  proalsing  for  future  SOI 
alcroelectronlc  devices. 

For  purposes  of  planarlstng  structured  surfaces  of  IC's  the  foreatlon  of  a  SlO^-layer  froe  a  SI-0  polymer  layer 
can  be  established.  The  Sl-0  polyeers  are  brought  onto  the  substrate  by  a  ’’spIn-on"  technique  and  are  cured  In 
order  to  evaporate  the  solvent  and  polyeerlse  the  aaterlal  /I/.  It  Is  possible  to  structure  these  flUs  by 
ablation  before  curing  /5/.  This  so  called  SpIn-on-Glasses  (SOG)  achieve  some  Importance  for  multilevel 
metallization  techniques,  especially  because  of  the  planarizing  effect  during  the  sptn-on  procedure. 
Formation  of  SIO^  layers  It  also  possible  by  the  reaction  of  a  S10  film  In  air  ur  O2  under  the  Influence  of  1^3 
nm  photons  /Z/ . 
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Progress  In  Isser  chemical  vapor  fleposltlon  of  silicon  thln-fllms 
Vlfcor  Baranauskas 


UWICAMP 


ABSTRACT 


p"s:;,rep!?;;*s 

kind  of  laser  used  different  kinetics  can  be  selectively  induced  leadl^  to  distinct  filn- 
sKsrphologles  and  diverse  growth  paraneters.  LCVD  processes  also  offers  the  carabllltJes  of 
reduced  temperature  processing  and  mask-less  patterning  for  aab-miczon  resolution.  Further 
investigations  are  needed  to  explore  the  vide  potential  of  LCVD  applications. 


1«  IHTftODWrriON 


The  current  trend  in  microelectronics  technology  is  to  use  extensively  dry  processing 
techniques  and  reduced  temperatutes  to  obtain  reliable  sub-micron  devices.  In  this 
directloni  different  methods  of  thermal  and  photo- induced  reactions  has  attracted  interest 
to  investigation.  The  lasers  became  to  be  experimented  as  new  tool  for  microelectronic's 
processing  due  their  unique  characteristics  as  source  of  monochromatic  photons  with  blob 
power  and  elevated  spatial  resolution,  it  was  demonstrated  that  the  laser  irradiation  can 
be  used  to  Induce  chemical  reactions  leading  the  deposition  of  thin  films  with  particular 
growth  modes  and  morphologies.  This  method  became  called  laser  CVD  (LCVD).  Films  of 
metalR,  oxides,  slKcidea  and  semiconductors  have  been  successfully  grown  by  this  technique 
on  to  various  types  of  substrates.  Due  to  the  great  number  of  I.aser- Induced  reactions  that 
have  been  Investigated  the  discussion  of  1.CV0  must  be  a  lengthy  article.  Therefore  our 
paper  in  this  conference  will  review  only  the  progress  In  the  LCVD  of  Silicon.  He  believe 
that  this  material  is  a  good  example  because  It  can  be  deposited  by  different  tCVD 
techniques.  Also,  since  Silicon  Is  the  most  commonly  used  semiconductor  material  Its 
properties  are  well  known,  and  so  this  knowledge  can  help  us  to  put  forth  some  useful 
perspectives  to  be  explored.  A  more  wide  paper  coveting  a  classification  of  the  banlc  LCt'D 
methods  an'l  its  use  In  the  deposition  of  different  materials  will  be  published  elsewherel. 

2.  LASER  CVD  PjROC^SES 

The  LCVO  processes  are  a  classe  of  Z/aser-lnduced  or  enhanced  gas-surface  reactions.  An 
outstanding  Importance  of  LCVO  over  conventional  or  Pl’asmn  CVD  Is  the  availability  of 
dlfferen»  kinds  of  sclectivltles  that  can  be  easily  achieved  In  order  to  drive  the 
deposition  reaction  by  a  particular  route  or  to  produce  films  with  different  properties. 

The  Laser  excitation  can  be  either  directly  by  oas  phase,  by  adsorbates  or  by  the  surface  of 
tiK’  subPtia*-'-  Depending  on  this  energy  path  the  deposition  can  occur  by  simple 
photolysis,  Ly  simple  pyrolysis  or  by  a  combination  of  t)>em.  So  in  some  processes  t()e 
thermal  energy  can  be  Insignificant  and  the  films  can  be  grown  even  on  substrates  kept  at 
room  temperature,  which  la  a  remarkable  .achievement. 

The  laser  excitation  of  the  gas-adsorbate-substrate  system  depends  strongly  on  the 
photon  energy.  So  the  laser  wavelength  can  be  choose  to  selectively  excite  the  desired 
phase.  Since  the  lasers  can  be  tuned  with  a  very  narrow  bandwidth,  the  quantum  excitation 
con  be  derived  only  to  the  desired  reagent,  even  if  there  is  several  reagents  in  the  same 
phase.  This  selectivity  can  be  aufficlently  high  to  permit  up  to  isotope  distinction.  For 
the  microelectronic  processes,  this  selectivity  can  help  to  prevent  the  contamination  of  the 
deposit  by  Impurities  from  gases  that  eventually  can  be  present  In  the  .system. 

Tlic  ability  of  the  laser  radiaCJon  to  propagate  in  low  divergence  beams  permit  Irradiatt 
tlic  photons  to  the  surfaceof  the  substrates  at  different  angles.  This  can  be  very  useful  to 
select  the  phase  to  be  excited.  For  Instance,  if  it  is  better  to  excite  the  adsorbate 
layer,  it  will  be  good  to  use  an  .impinging  beam  parallel  to  the  surface  or  at  a  low  angle 
dl rert Ion. 


Other  very  Important  property  of  the  laser  beam  is  the  high  spatial  resolution  that  can 
hf'  easily  attained.  Kith  a  als^le  lens  system  it  is  possible  to  focus  the  beam  with  a  spot 
comparable  to  the  wavelength.  Therefore,  it  is  natural  to  concentrate  the  Incident  energy 
with  micron  to  sub-micron  scale  region.  This  ability  can  localize  the  deposition  reactions 
am)  them  produce  features  In  the  substrate  without  the  use  of  the  conventional  photolitho- 
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Laser  Interferometer  for  Optical  Testing  ..sing  Nonlinear  Optical  Effect 

C.P.  Qrover 

Division  of  Physics,  National  Research  Council.  Ottaea  KIA  OR6  Canada 


ABSTRACT 

The  Interaction  of  light  from  a  relatively  medium  power  CW  laser  with  a  Lonllhear 
medium,  such  as  nematic  liquid  crystals,  has  been  used  to  devise  an  InterfePometer  for 
measuring  aberrations  of  the  Incident  beam.  The  reorientation  of  anisotropic  iliolecules 
of  the  medliM  contributes  to  the  Induced  refractive  Index  change  an  that  Is  usually  a 
strong  nonlinear  function  of  |E  * .  The  associated  self-focussing  and  diffraction 
effects  produce  a  spherical  beaii  which  is  used  as  the  reference  wave.  The  operation  of 
this  common-path  Interferometer  can  be  described  by  taking  analogy  with  a 
polnt-dlffraetlon  Interferometer. 


1 .  INTRODUCTION 

*^*scplbe  the  theory  and  operation  of  a  laser  Interferometer  using  optical-field 
'  .nduced  refractive  Index  changes  In  a  nonlinear  material  such  as  liquid  crystals.  On 
propagation  through  the  medium,  the  laser  beam,  having  a  suitably  oriented  direction  op 
polarisation,  undergoes  modulations  that  have  been  utilized  constructively  In  the  design 
of  an  interferometer  for  optical  testing.  When  the  laser  Intensity  Is  adjusted  Just 
above  the  threshold,  only  the  paraxial  part  of  the  beam  is  capable  of  Interacting  and 
getting  modulated.  It  provides  the  reference  beam  that  interferes  wltl.  the  unmodulated 
test  beam  to  produce  fringes  of  equal  optical  thickness.  The  reference  and  the  test 
waves  are  mutually  concentric  and  eolllnear.  The  Interferometer  falls  In  the  category 
of  common-path  Interferometers  and  bears  a  close  resemblance  to  a  point  diffraction 
Interferometer. 

The  purpose  of  this  paper  la  to  describe  In  detail  the  salient  features  of  the 
Interferometer.'  After  recapitulating  the  reorlentatlonal  behaviour  of  nematic  liquid 
crystals  when  subjected  to  an  external  field,  we  will  discuss  the  principle  and 
operation  of  the  Interferometer.  Experimental  results  are  given  for  specific 
applications  and  will  be  discussed  by  taking  Into  consideration  various  Interferometer 
parameters. 


2.  REORIEHTATIOHAL  BEHAVIOUR  OF  LIQUID  CRISTALS 

The  Interaction  of  a  light  beam  with  a  nonlinear  medium  to  produce  changes  In  Its 
refractive  Index  Is  a  well  known  topic.*  The  action  of  the  medium  on  the  propagating 
t  in,  known  as  the  Self  focussing  effect,  represents  one  of  the  most  Intensely 
^..vestlgated  nonlinear  phenomena.  In  recent  years,  a  number  of  materials  have  been 
discovered  that  exhibit  an  extremely  large  optically  Induced  birefringence.  One  example 
of  such  materials  la  nematic  liquid  crystals  that  have  a  birefringence  of  An  -•  0.2. 
Herman  and  Serlnko*  have  presented  an  extensive  study  of  the  nonlinear  processes  In 
relation  to  the  weak  beam  amplification  and  production  of  diffracted  beams.  Earlier 
studies  relate  to  measuring  the  electronic  and  orientational  contributions  to  nonlinear 
susceptibilities  and  obtaining  relaxation  rates  and  transport  properties  associated  with 
the  orientational  motions  of  Individual  molecules."-*  The  nonlinear  dependence  of  the 
material  refractive  Index  produces  a  modulation  on  the  propagation  of  the  light  wave 
responsible  for  the  self  focussing  effect.  The  non-unlformlty  of  the  field.  In  the 
transverse  cross-section  of  the  Illuminating  beam,  causes  a  radial  dependence  of  the 
refractive  Index  pattern  and  It  may  be  accompanied  by  an  asymmetry  caused  by  the  elastic 
constants  of  the  material.  The  observation  of  a  laser  Induced  system  of  ring  structure 
In  OCB  (Octyl-Cyano-Blphenyl)  liquid  crystals  was  first  reported  by  Zolot'ko  et  al.*  .ind 
It  has  been  further  Investigated  by  several  other  authors.’,'®  This  ring  structure  Is 
caused  by  the  nonlinear  aberrations  of  the  material  and  similar  I'.lf fraction  structures 
have  previously  been  reported  In  other  nonlinear  media." 

The  molecular  reorientation  under  the  Influence  of  Intense  light  waves  Is  caused  by 
their  Interaction  with  the  optical  electric  field  and  la  similar  to  the  classical 
Rreederlcksz  transition.* *  This  effect  relates  to  deformatlona  undergone  by  a  thin 
nematic  liquid  crystal  (NLC)  film  under  the  influence  of  an  external  electric  (or 
magnetic)  field.  The  effect  le  observed  by  the  change  in  the  optic  axis  (director)  of 
liquid  crystals  and  It  can  be  described  by  using  the  continuum  theory."  The  orientation 
of  the  sample  optic  axis  with  respect  to  the  electric  field  depends  upon  the  dielectric 


\ 


Modern  Optical  Coating  Technologies  for  Low-Loss  Dielectric  Films 
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ABSTRACT 

Highest  quality  dielectric  films  are  requited  today  for  various  optical  applica¬ 
tions.  Many  inorganic  compounds  which  were  difficult  to  deposit  by  qonventlonal  tech¬ 
niques  in  form  of  well  adherent,  dense,  hard,  and  stable  low-loss  films  ate  now  rou- 
tlnly  synthesized  by  reactive  gas  discharge  plasma  and  energetic  Ion  and/or  coating 
material  atom  processes.  A  survey  over  such  PV0  coating  technologies  and  the  result¬ 
ing  film  properties  Is  given  In  this  paper. 

1.  INTRODHCTIOW 

Metal  oxide  coatings  for  high  quality  interference  optical  applications  and  for 
planar  optical  waveguides  must  exhibit  excellent  following  require¬ 

ments  are  stringent:  Low  film  absorption  values,  film  refractive  Indices 
bulk  values  and  Independent  on  film  thickness,  dense  homogeneous 
smooth  film  surfaces  and  interfaces  to  reduce  light  scattering  and  to  secure  firm 
film  characteristics  under  varying  conditions  of  humidity  and  temperature,  high  a 
hesion,  hardness  and  abrasion  resistance,  high  environmental  stability. 

Many  chemical  compounds,  however,  decompose  during  evaporation  f 
highly  volatile  reactive  components,  such  as  oxygen,  disappear 

restive  deposition  has  developed  into  a  powerful  technology. 

The  factors  responsible  for  the  of*the'*re8Ctln^^cles,  the  sta- 

complex.  They  include  at  least  the  j  ee  energy  of  f^mation  of  the 

bility  of  the  reaction  gas  or  energy?  the  substrate  temp-ra- 

compound,  its  dlssociat^n  Pressure  and  substrate,  sometimes  influ- 

turc,  the  condensation  behaviour  of  the  reactants  on^tne  reactants,  and  so  on. 

enced  by  the  substrate  tL  reactants  can  be  enhanced  by  actl- 

The  reaction  probability  on  collision  means  that  it  is  an  advantage  both  for 

vatlng  one  or  even  both  of  jhem  [2,4,5 J.Jhis^means^that^lt  ionized, 

the  occurence  and  also  j  states  Activation  can  be  performed  by  sub- 

i"  «'•  -<  ■ 

plasma. 

K;: 

improving  beside  stoichiometry  als  .  ^  ^  temperatures  and  supply  the  required 
above.  These  techniques  avoid  ''[^h  subst  a  mechanical  film  characteristics  by  the 

energy  to  achieve  proper  °P'=^®*J;,®*^®T^g^and  wS?king  or  reactive  gas  species.  Adding 
use  of  high  enerp  ®°**'^"?„"'5‘®ectiv  irthl  growing  film  by  energetic  ion  processes 
the  proper  amount  of  energy  directly  to  9  evaporation  is  therefore  a  very  ef- 
appears  to  be  beneficial.  Reactive  sputtering  variants  and  reactive  ion 

pUUnl'lhe"uirSf  ;l«ma  irJngs  these  and  other  quite  different  and  Independent 
coating  technologies  closer  together. 

7-  heactivb  amp  activated  reactive  evaporation 

of  the  corresponding  bulk  materials. 

The  loss  of  oxygen  that  usually  occurs 
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ABSTRACT 


GaAs  MESFETs,  originally  designed  for  microwave  applications,  have  become  an  important  com 
ponent  of  receivers  in  high-speed  optical  telecommunication  systems.  For  these  applications,' 
the  crucial  point  In  the  device  modeling  Is  the  evaluation  of  the  induced  gate  noise  and  its 
correlation  to  the  channel  noise. 

In  this  paper  the  design  of  a  low-noise  small  signal  optical  amplifier  using  GaAs  HESFET 
is  carried  out. 

The  principal  noise  sources  of  GaAs  HESFETs  are  analyzed  In  order  to  completely  characterize 
the  equivalent  model.  Particularly  channel-noise  represents  the  dominant  effect  In  the  deter¬ 
mination  of  the  optical  receiver  sensitivity. 

Total  Input  noise  current  of  the  optical  amplifier,  due  to  correlated  gate  and  drain  HESFET 
noise,  has  been  estimated  in  order  to  evaluate  the  excess  channel-noise  factor  P  for  dlffe- 
■nt  values  of  fhotodlode  capacitance.  This  procedure  allowed  to  choOse  the  photodiode  with 
nimini  noise. 

last,  scattering  parameters,  minimum  noise  gain,  gain-frequency  dependence  and  bandwidth 
of  the  amplifier  have  been  evaluated  in  the  frequency  range  of  Interest. 


1 .  INTRODUCTION 

GaAs  HESFET  devices  have  become  important  components  in  high  speed  lightwave  recelversll] . 
For  these  applications,  the  crucial  polntln  the  device  modeling  is  the  evaluation  of  the  Indu 
ced  gate  noise  and  its  correlation  to  the  channel  noise. 

In  this  paper  the  principal  nolSe  sources  of  GaAs  MESFETs  are  analyzed  in  order  to  comple¬ 
tely  characterlie  the  equivalent  model  (2)(3|4l5j.  Channel  noise  represents  the  dominant  ef¬ 
fect  In  the  determination  of  the  optical  receiver  sensitivity  (6|. 

The  total  input  noise  current  In  the  optical  amplifier,  due  to  correlated  gate  and  drain 
noise  has  been  estimated  in  order  to  evaluate  the  excess  channel-noise  factor  P  for  various 

photodiode  capacitances. 

At  last,  a  low-noise  small  signal  amplifier,  operating  in  the  S  and  X  frequency  bands,  has 
been  designed.  Scattering  parameters,  minimum  noise  gain,  gain-frequency  dependence  and  band¬ 
width  of  the  amplifier  have  been  evaluated. 


2.  Small-signal  hoise  EottivALEwr  circdit. 


,  An  uquivaUnt  circuit  of  the  HESFET  device,  which  Includes  noise  sources,  is  shown  In 
*'■  .  1  . 

high  frequencies,  the  principal  Intrinsic  noise  sources  are  related  to  the  thermal  noise 
In  the  channel  and  In  the  gate.  They  are  expressed  respectively  by  the  following  equations 

2 

<1  «  wafg  p 

nd  mo 


<  > 

ng 


d,  7 
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4kTAf - gs —  R 


(2) 


where  <  >  indicates  the  mean  square  value,  k  la  the  Boltanann  constant,  T  Is  the  absolute 
temperature,  Af  la  the  bandwidth,  g  is  the  transconductance,  w-  2af  Is  the  angular  fre¬ 
quency,  C  Is  the  gate- to- source  capacitance,  and  P  and  R  are  quantities  which  depend 

on  Uie  ulas  and  geometry  of  the  device. 

In  Fiq.1  are  also  reported  the  resistor  thermal  noise  sources,  e.. pressed  byt 

2  (3 

<1  >  -  4kTAf/R, 

"i  ^ 

where  1  is  for  gi,  g,,  s,  o  or  dr. 
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The  tedlatrlbutJon  of  Implanted  Jona  vlthln  GaRs/AlRn  muUIlaier  atroctnren  d..e  to  poet-inrlantatloi. 
furnace  atmeaUng  U  repotted  In  thia  paper.  The  atructorea  were  grown  by  molecular  beam  epltaay  on  OaAe 
?.ul(  ratea  and  Implanted  with  either  hydrogen  or  beryllium  ion*.  After  furnace  annealing  at  temperatures 
_  to  100  C,  these  eamplea  were  examined  using  secondary  Ion  mass  spectrometry.  The  measurements  show 
that  th-  hydrogen  and  the  beryllium  atoms  redistribute  with  post-lmplantatlon  annealing  and  that  both 
species  accumulate  at  the  buffer  layer/substrate  Interface.  The  concentration  of  atoms  at  this  Interface 
ran  exceed  IE19/cm-3  and  may  he  related  to  the  crystal  Imperfections  arising  during  the  Inltal  stages  of 
-pltaxy.  Tie*  significant  redistribution  of  Implanted  Ions  may  also  alter  the  optoelectronics  properties 
5f  multilayer  semiconductor  structures  processed  In  this  manner  for  laser  sppllcstlnns. 


1 .  INTROOOCIIOH 


Ion  b^am  modi f Jon  of  GaAa/AlGaAs  mfiltilayar  atroctufos  ia  an  Importiant  nomlcondurfot  (>roc^^ali)9 
for  optoalact-ronlca.  Thia  fachniqua  haa  be«»n  uaaful  In  v.^rloua  at-aqos  of  !a«or  fahrlcaHon 
including  ^l#c^rical  insulat-.ion,  aurfare  paaaivation,  matarlal  layer  mfaing,  and  alarfronlc  doplnp 
Hovavar,  frha  nao  of  Ion  beama  ala<j  Jntrodncea  cryatal  damage  and  foreign  atom**  which  may  rhanqa  the 
optical  nuf\  f’ldirtronlc  propertlca  of  the  aemlconductor  materials  RJnce  thoae  effect®  ran  Interfere  with 
device  performance.  It  la  important  to  underetand  the  behavior  of  Implanted  Iona  In  potential  device 
atructiiros. 


In  tho  proaont  l»•'»ve  invoatigatad  th»»  b«*havlor  of  hydrogen  ]M  and  borYHInm  Pftp  Iona  Im¬ 

planted  Intfi  fv-»A«/AMa  aijperlattices  which  wore  later  anblected  to  poat^lmplantatlon  anneallno,  Tf>epf> 
Ions  wpre  fh«'«^cri  afore  hydrogen  Is  active  in  passivation  of  dopanta  In  GrvAs  f3|  and  heryHlnm  Is  a  widely 
used  p-type  drtfhffnt ,  Tho  Implanted  Ions  as  well  as  the  constituent  Al  atoms  have  been  depth  profiled  using 
sec'»*'dary  Ion  ma.a.e  s|>ectromotry  (SIMS),  The  SIMJ?  profiles  show  that  poat-lmpJantatlon  annealing  leada  to  a 
ma^  redistribution  of  tf»e  implanted  ions  and  that  the  redistrl^ted  ions  tend  to  accumulate  at  the 
iffsr  Jeyer/siihatrate  Interface. 

2.  SUPBRLATTICE  STRUCTURES 

Both  of  the  superlatMcea  used  in  this  study  consisted  of  alternating  layers  of  GaAa  and  AlAa  grown 

hy  molecnlar  beam  epitaxy  (MRS).  The  first  one,  designated  A,  was  grown  at  North  Carolina  State  Univer¬ 

sity  at  a  tempnrnture  of  620  C  on  an  undoped,  aemt'^lnsnlating,  |100|  oriented,  LRC  GaAa  stihstrate.  The 
total  thlctness  nf  this  superlattice  was  approximately  6  urn  with  the  Individual  layers  being  7.1  nm  for 
CaAs  and  4.n  nm  for  AlAs.  A  RaAs  buffer  layer  approximately  60  nm  thicit  separated  the  aubstiate  from  the 

superlattice.  AIT  these  layers  were  Sn  doped  to  a  level  of  about  IR16/cm5.  From  these  thlclrneaaes,  the 

average  aiuminusf  concentration  of  this  superlattice  was  estlsiated  as  being  0.354.  Other  details  relating 
to  the  growth  of  superlattice  A  and  the  characterisation  of  the  layer  parameters  have  been  previously 
reported  (41. 

The  second  s(i|'erlattice,  designated  B,  was  grown  at  a  temperature  of  64R  C  at  the  Naval  Research 
?.ahoratoiy  on  an  itndoped,  seml'lnsulatlng,  fJOOl  oriented,  L8C  GaAs  substrate.  Tlie  thlcAness  of  this 
superlattice  wan  approximately  0.63  urn  with  the  Individual  layers  being  5  nm  for  (laAs  and  10  nm  for  AlAs. 

A  rap  layer  of  GaAn  about  60  nm  thick  was  grown  on  top  of  the  superlsttlce.  Bach  of  these  layers  was  Rl 
doped  in  a  level  of  about  lBl6/cis3.  A  buffer  layer  of  undoped  GaAs  approximately  250  nm  thick  separated 
the  subfltrai-e  from  the  superlattice.  The  average  aluminum  concentration  of  this  superXattics  was  estimated 
as  being  0.666. 

3 .  HYDROGEN  IMPLANTS 

Ruperlattlce  A  was  implanted  at  room  tesg>erature  with  300  keV  in  Ions  to  a  fluence  of  lB16/csi2.  The 


Calculation  of  the  Amblpolar  Diffusion  Coefficient  through  lasing  action  in  gas^s. 
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ABSTRACT 

A  new  method  to  find  the  ion  density  of  a  gas  at  any  time  after  the  discharge  Is 
described.  In  this  method  the  overvoltage  of  a  fast  discharge  In  a  gas  or  Its  lasing  action 
can  be  used.  That  la  to  say,  knowing  the  experimental  values  of  the  actual  starting  voltage 
of  a  pglsed  gas  discharge  or  the  laser  output  and  comparing  them  with  the  relevant' theore¬ 
tical  values,  the  lo.  density  can  be  found.  The  result  of  this  procedure  Is  the  calculation 
Of  the  ion  density  a.,  a  time  after  the  discharge  equal  to  the  Inverse  of  the  high  voltage 
pulse  repetition  rate.  Thus,  by  changing  this  pulse  repetition  rate  the  temporal  behaviour 
Of  the  Ion  density  is  found. 

All  application  to  the  N.  gas  leads  to  the  calculation  of  the  amblpolar  diffusion  coef¬ 
ficient,  the  value  of  whlcn  Is  In  sufficient  agreement  with  the  one  In  the  literature. 

1.  IWTRODUCTlOM 


The  research  on  the  Ion  decay  processes  after  a  pulsed  discharge  In  a  gas  is  always 
'■important.  This  Is  because  It  finally  leads  to  the  comprehension  of  the  Ion  behaviour  and 
to  the  estimation  of  the  coefficients  of  different  ion  decay  processes.  For  example,  such 
laboratory  research  on  the  gases  existing  In  the  Ionosphere  contribute  to  the  understanding 
of  the  Ionosphere  properties. 

In  the  afterglow  of  a  gas  discharge  two  main  ion  decay  processes  take  place:  the  -'.f. 
fusion  and  the  recombination.  Being  of  a  collisional  microscopic  nature,  the  recombiiMtlon 
is  a  considerably  more  complicated  mechanism  in  its  details  than  the  diffusion  and  it 
depends  on  the  relative  kinetic  energies  of  the  electrons  and  Ions  and,  more  importantly, 
of  how  energy  and  momentum  can  be  conserved  In  the  recombination  process. 

To  examine  these  fundamental  processes  occuring  in  gas  discharge  the  continuity  equation 
for  Ion  density  is  used.  If  the  only  ion  decay  process  Is  the  diffusion,  then  the  continuity 
equation  for  ions  is  given  by  the  relation. 

=  ■  (1) 


where  n  Is  the  ion  density  and  Oq  Is  the  amblpolar  diffusion  coefficient.  To  simplify,  we 
^an  assume  a  fundamental  diffusion  mode  with  a  decay  time  t  and  rewrite 


3n  _  n 
ft  ? 


where*  T  Is  the  dlffu^ilon  decay  time.  Its  solution  is  given  by  the  equation 


n 


-t/r 


(2) 


(3) 


If  the  pJectroti  temperature  Is  equal  to  the  ion  temperature 
be  related  to  other  quantities  as  follows; 


T 


20. 


2KT 
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then  the  decay  time  can 


(4) 


where  A  is  the  characteristic  diffusion  length.  This  depends  on  the  geometry  and  the  oontatnec 
dimensions.  For  rectangular  geometry  of  the  diffusion  space  we  have 
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D.  is  the  positive  ion  diffusion  coefficient,  Is  the  poaltlve  ion  mobility,  e  is  the 
electronic  charge,  K  is  Boltzman'e  constant  and  T  la  the  gas  temperature.  Thus,  when  only 
one  type  of  positive  ion  is  present  In  the  afterglow.  Its  mobility  can  be  determined  by  a 
aieasurement  of  the  time  constant  to  the  Ion  loss  rate. 
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off  axis  elliptical  zone  plate  (€?PI  together  »>lth  refractive  optics  has  been  used 
fin  obtaining  the  ?-0  nonsymmetr ic  Fourier  transform  (Nfl)  of  a  given  object  with  parallel 
beam  i  I  I um i na t i on .  fhe  NF I  thus  obtained  Is  exact,  excepting  a  linear  phase  factor  due  to 
tire  carrier  Spatial  freguency  used  in  the  E2P  recordlrrg.  Experimental  results  show  the  abi 
lity  of  this  system  for  separating  quas I *un i d ifliens i ona I  spectra  of  slightly  different 
n  r  i  e  n  t  a  t ion, 

I.  INIRODUCTIOtf 

In  the  last  years,  interest  for  Nfl  systems  working  with  parallel  or  spherical  beam 
illumination  has  grown.  Unlike  the  usual  symmetric  fourler  transformers,  NFI  systems  reOis 
tribute  the  information  at  the  fourier  plane  in  a  nonsymme t r I ca I  way,  giving  rise  to  an 
unequal  scaling  of  the  u-  and  v-aves  In  the  frequency  domain.  Nfl  systems  are  rot  at i ona 1  I y 
variant,  pcrformitig  a  controlled  deformation  of  the  object  spectrum,  this  fact  is  useful 
for  many  applications,  in  particular  for  obtaining  superresolution  in  one  direction'  alio 
wing  to  increase  the  angular  d i sc r im ina t ion  between  qua s I - un i d imens i ona I  spectra  angularly 
very  riose’  and  to  detect  with  greater  sensitivity  small  misalignments  in  object  orienta 
t i no  ' , 

Until  now,  Nfl  systems  were  designed  making  use  of  convenlinnal  lefraclivo  elements 
It  yl  inrli  ir  at  lenses),  being  the  design  flexibility  limited  by  the  availability  ol  ee  I  I  i  o 
rieiied  refidCtive  phase  transformers  with  proper  Characteristics,  the  use  of  a  thirr  tmlo- 
gtaphir,  optical  element  sucli  as  an  off-axis  elliptical  /one  plate  allows  to  mafe  easier 
this  design,  also  reducing  the  number  of  required  components. 

2.  Nfl  SVSUH 

the  proposed  NFt  system  is  shown  in  fig.  I.  being  a  modified  version  of  the  deveiop- 
ped  by  Stnplik  et  al  .  The  £?P  transm? t tanre  function  is  given  by: 


»(.s„.y,,l  -  £  a,,  ,(«^,nF,)  vly,  •  ll''•>r,l'^’"'  .  " 

a  is  the  diffracted  amp  I  i  t  ude  coefficient  corresponding  to  the  n  Ih 
,|e.  t'l.e  f/P,  ,(o.e)  exp  (i.eo’/»)  and  f  and  F  f-e  the  two  inverse  focal  d. stance, 
rorrP<poii<ifnq  to  th«»  two  ortngonal  primary  foeU  of  thp  iir. 

ihe  Object  is  located  .t  the  XV,  plane,  a  distance  f^  .l/r,  ^ ^ 'c'nrna  I 

forms  Ihe  fnnrier  transform  along  tAe'x-actIve  direction  to  the  x,v^  plane,  the  pa. 
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riqiiie  I.  Nfl  system 

Ihe  arrows  Indicate  the  afUve  direction  of  each  element. 
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Rapid  datamliMtlon  of  iho  llobbo  Indox  of  nol;urol 
Oniio  Rlorloood 

V.V.Nodorlondoo  Ooounio,  P.O.Box  IR,  R700MA  Croitingon*  . 

Tho  BolborlOAdo  \ 


A  fast  raapotiaa  Vobb#  a^tar  for  natural  goa  la  daacribod.  Tba  marking  prlnetpto  of  tha  Wobbo  »otor  la  baaod 
on  a  ralatiofiahlp  botvoan  tha  Wobba  IndaXt  tha  eoneantratloo  carbon  dioalda  and  nltrogan  and  tha  opaetfle 
donalty  of  natural  gat.  Tha  coneantrailona  aro  dotontinod  hf  Raa»A  apoctroaeaop* 

A  Ha«a  laaar  tarvaa  aa  tba  light  aourea  which  ganarataa  Ranan  acattar  in  a  euvatta  fUtod  with  natural  gaa. 

A  part  of  tha  aeattarad  light  la  pUkad  up  and  paaood  bp  two  flbra  optic  eablaa  to  dotaetlon  a^lpnant. 
PIttora  aro  uaod  to  tha  allow  tanan  tight  roapacttvalp  COj  Ranan  light  to  paaa.  tha  powar  of  tho 
light  paaalng  tha  fllUra  ia  datamlnad  by  photonuUlpllara.  Tho  conconttatlona  ara  eateuUtad  fro*  tha 
powar  of  tha  faann  tight  algnala,  tha  praaauc*  and  tanparatura  of  tha  gat  flowing  through  tha  cuoatta,  tho 
U»r  roMr  u<l  fUlbnam  UU.  Th.  ueuraer  »»  coneM>tr.aon  ••t.r.  >•  Iwtar  ‘J*"  *  *****”  '  . 

nit  rifur*  cmn  b*  .ttrHwt»4  to  th#  (totlotUol  fluetuollOM  ot  th.  IntwoUr  of  tho  (wo  llshl  hX 
to  th.  Mf  of  ..tl-otlo,  th.  boottround  of  th.  a»hl  Th.  to.^.o  tijx  1. 

Tho  oenirooT  of  th.  Uohb.  •ol.r  to  hottor  tho.  #.M  IOf«*  which  U  food  «w>o»h  for  .  cootrol  In.tcwwmt. 

1.  rwpowcTioi 

Th.  bon.10,  TroTortlo.  of  .  o.twr.1  or.  choroctorl.^l  hr  th.  Wobb.  Indoo.Tho  Wobb.  lodo.  of  .  ...  It 
daflnad  at: 


whara:  tt  -  Wobba  Indat  <tU/a^)  - 

H  -  caloric  talua  par  unit  roltma  (BJ/n^l 
d  -  aparlfle  danattp  of  tha  gaa  (O 

for  r...o».  I  .hoU  oot  ,.  Into  hoc..  f..t  Woba  «t.r,  or.  n..d*l  In  ...  .t.tloo.  to  c«>trol  th. 

blmdln.  of  o.tor.1  •i«lMld*^Jhl!”JrtliuJrt>xt  lh«  Uobb.  lod.x  of  n.lur.l  ...  con  b.  d.to.-«l«d 

Jr^tM  .,nno".tUn.  It  CO,,  ond  th.  .TOClfU^donatj^of  th.  O.f.rtoh.t.1,.  th.r.  or. 

tha  Wobba  Indax  matar. 

thl.  T.,.c  I  will  dccrlb.  th.  o«lco«  of  th.  d.v.l0T~-t.  loclodln,  th.  Uborotorr  ...loot...  ..d 
raid  trl.l.  of  th.  Uhor.torr  "oCl  of  th.  Wobb.  Ind.x  w.l.r. 

i^m?MmiiJtuKwsj3LmsBgsmfSim- »»» 

n,ii  «o:°:a.:'f::t':»*  -  tru«f^«r\sr'’;si  ‘’- 

IU«.io.lld  y.lu«.  so  th.  followln.  fonwil.  Wt‘«  •  »*■' 

(Z) 

r|-  ClXftXT/(pXL> 

wtMra:  Ki  -  concantratlon  of  eonponant  I  (-> 

Cl  -  eonatant  apaclfU  to  coi^want  I  (barxK  >  v  i  .ui 
l\  -  powar  of  tha  Ranan  light  acattar  bp  eonponant  I  IW> 

T  -  abfoluta  tanparatura  IK) 
p  -  praaaura  of  lha  gaa  (bar) 

t  -  powar  of  tha  laaar  baan  (W)  _  Ax.k.«,-4,b»vitwh  aI  tha  eontantratlona  fron  tha  powar  of 

ih.'c:;4:::r:;«uir;::;:o‘uiM‘:  -  t«.,.r.t-r..  th. .....  r-x., «.  .«,.t«.t  c, 

(fonul.  J)  1.  .l»«>  *T  .  e.llhr«tloii. 
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A  laaer  gam  vtonitoring  ayetam  haa  boon  developed  to  wasure  in-aitu  concentrations  of 
oaseoua  pollatants  (in  our  case  amnonia)  at  various  tciPperatures.  The  heart  of  the  system 
is  a  tunable  *^CO-“wavegulde  laser.  By  vetyfttg  the  resonator  length  the  laser  Is  frequency 
modulated  between  two  neighboring  emission  lines.  One  line  Is  absorbed  by  the  species 
investigated,  while  the  other  is  used  as  a  reference.  By  this  referencing  the  system  is 
autocalibrated  continously.  The  high  spectral  resolution  of  the  laser  method  supresses 
interference  by  other  species.  Past  evaluation  of  the  digitalized  signal  shortejis  the 
measurement  time  to  less  than  one  minute.  The  lasers  high  output  power  is  • 

multiple  path  arrangement,  which  allows  the  detection  of  anwonla  concentrations  in  the  one 
vppm  range.  First  results  of  measurements  In  a  poorer  plant  are  reported. 

1.  introduction 

Th.  meaBurPinent  of  ammoni*  concentrations  In  Industrial  environments  has  heco^ee  of 
lnc«asinrintoro«t  In  recent  years.  To  this  end,  a  promlslno 
erlsts  In  differential  laser  absorption.  This  technique  uses  a 

oatelv  at  7  wavelonqthf..  with  different  absorbances  for  Nil,.  Pines  both  the  C 

laser  wavelengths  fall  within  the  V,  band  of  aimnoniA,  several  coincidences  between 
these  Cavelengths  and  absorption  minima  or  maxima  esn  be  found. 

For  Quantitative  detection  it  U  necessary  to  know  the  absorption  ^ 

Hhnure« 

reqard  to  their  use  jn  monitoring  amblelit  renrentrations  .  Recently,  . 

‘:‘e"r5  a^^ecVlon’of 'hh;  It  was  found  most 

promising  to  work  with  a  COj  laser. 

Tn  fhis  oanor  we  want  to  introduce  an  In  situ  ammonia  monitoring  system,  which  ir 

a  ronSfcTclaHy  available  ”c0,  laser.  This  system  is  Xo^^on  " 

Mu.qh  industrial  environments.  Sifioe  the  temperature  ahsorption 

known,  it  is  possible  to  nieatiars  also  In  gases  at  evaluated  temperatures. 


Ths  determination  of  .pedes  concentration  by  differential  absorption  techniques  is  based 
on  the  Lambert-Beer  law 

l(v)*l„(v)e>iiK'a(v)cl)  (H 

which  i.  l  ites  the  Incident  and  transmitted  intensities  le^l  •  Us*  I” 
rsoof f Irlent  « (vl  at  frequency  v,  the  concentrat ion  c  and  the  moasorement  path  length  1  . 

r^nn^v^.v,  colncidlnq  with  NH,  absorption  maximum  and 

minimum,  Respectively,  the  absorption  coefficient  can  be  written 

a(v,)-o, 

Here  «,  Includes  all  background  diminution  of  the  probing  beam  due  to  reflection  1°”®*' 
.r,tterina  at  imoke  particles  etc.  and  can  be  taken  as  a  constant,  if  v  and  Vj  are  close 
togdh^i  U  fhe'^NH,  absorption  at  v  while  .‘•'e  N»3. 

assumed  to  be  iRogllgible  .  +he  ratio  of  the  tVensmltted  Intentltlee 

riii.s.-.xr.  :r,  ‘Xt;v.  s 
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A  I,aser  Induced  Fluorescence  Immunoassay  System  for  the  Detection 
of  Salmonella  and  E.  Coll 

R.W  Wypant,  S.P.  Almeida.  H.D.  Pierson*.  J.C.  Hedrick* 

Departments  Physics  and  *Food  Science  and  Technology 
Virginia  Polytechnic  Institute,  Blacksburg,  Virginia  2A061  i 

and 

G.B.  Churchill  and  H.P.  Groger 
American  Research  Corporation  of  Virginia 
P.O.  Box  3406,  Radford,  Virginia  24143 

Abstract 

Total  Internal  reflection  fluorescent  Immunoassay  techniques  provide  a 
-owerful  method  of  detecting  biological  antigens.  A  laser  system  has  been 
-bveloped  to  record  the  evanescent  wave  excited  fluorescence  emitted  from  the  dye 
labeled  polyclonal  antibodies  developed  for  Salmonella  spp .  and  E.  Coll  OIS7;H7. 
A  cw  argon  laser  tuned  at  7*38  nm  wa.s  u.sed  to  Induce  the  emitted  fluorescence  .at 
about  520  nm.  Measurement  of  the  fluorescence  was  performed  via  an  optical 
multichannel  analyzer,  on-line  to  a  microcomputer.  Antigen  samples  of  varying 
concentrations  were  analyzed  to  test  the  operation  of  the  system.  A  description 
of  the  laser  detector  Is  presented  In  this  paper. 


This  research  Involves  the  development  of  a  fluorescent  dye  linked 
Immunosorbent  assay  for  the  Identification  and  quantification  of  Salmonella 
spp.  and  Escherichia  coll  0157:117.  This  essay  Is  analogous  to  comraerlcally 
available  enzyme  linked  Immunosorbent  assays  (ELISA's)  for  Salmonella.  The  two 
types  of  assays  differ  In  the  detection  mechanism,  and  ELISA’. s  detection  is  based 
upon  an  enzyme  mediated  colorimetric  change  of  a  reagent  solution,  whereas  the 
fluorescent  assay's  detection  is  based  upon  fluorescent  Intensity  values  observed. 
This  fluorescence  Is  due  to  fluorescein  Isothlocyanate  (FITC)  labeled  antibodies 
/  Ich  In  turn  specifically  bind  to  Salmonella  or  E.  coll  antigens.  Bound  FITC 

antibodies  were  detected  using  a  modification  of  Kronlck  and  Little's  (1975) 
procedure  for  fluorescence  excitation  by  total  Internally  reflected  light.  In  the 
experimental  optical  arrangement  u.sed,  the  fluorescence  was  excited  by  the 
evanescent  field  of  488  nm  argon  Ion  laser  light  undergoing  total  Internal 
reflection  at  the  surface  on  which  the  immunological  reagents  had  been  adsorbed, 
and  was  detected  using  an  Intensified  optical  multichannel  analyzer  on  line  to  a 
microcomputer  for  data  display  and  analysis. 

II.  Total  Internal  Reflection 

Total  Internal  reflection  (TIR)  can  take  place  at  any  material  Interface  where 
the  second  propagation  medium  has  a  lower  Index  of  refraction  than  the  first.  The 
angle  at  which  TIR  starts,  known  as  the  critical  angle.  Is  given  by  (AXELROD, 
BURGHARDT  and  THOMPSON,  1984), 
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AfrAtTBCi 

The  ■aChod  of  double-eepo.ure  holost.pblc  intufaioaetry  wa.  applied  to  atod, 
the  behavior  of  lower  leg  bonea  euppotted  with  dlff.rant  flalng  devlcea.  The 
toreion  and  banding  waa  exaalnad  for  both  type,  of  flxatoia:  an  aeternal  one 
(Orthofix  type  10000)  and  an  Internal  one  (osteoaynthexia  AO  plate,  Mcvee.iica). 
The  iiiiluance  of  the  fixation  on  the  Mchanical  tanponsa  to  tha  external  I"'*®  of 
the  aupportad  tiblal  ahaft  la  dlacuaeed.  The  advantaqaa  of  holographtr 
intarferoMtry  In  tha  abova  Inveatlgatlon  are  pointed  out. 

latlPdMC.tlon 

Ttoe  the  vatloua  capabllltla.  of  holooiaphy  for  laaga  ptoceaeln*  0>  t2>  and 
■eaauUng  purpoaaa.  nainly  holographic  interferonatrlc  techniouea  <t>  have  found 
aore  extended  application  in  biological  and  ■adlcal  raaaarch. 

EapeclAllf,  holographic  Interferonetry  ae  a  teehnlgon  allowing  a 

non-deatructive  tenting  and  hlgh-reaolvlng  dafornation  •"•'T'*' 
ohiecta  lies  dsined  popularity  over  the  recent  years  in  bloeschanlcs  <4  o» 
ercsrliksnCsi  surdety  <5>-  As  shown  in  <4>.  holodrephic  inteiferoeetiy  is  c.ipabic 
ol*^providlng  unigua  data  and  can  ha  auccaafully  used  for  conpsratlva  tenting  in 
««etlnintai  ortliopaadtee .  Psaulta  of  further  holographic  iuveatigat ion  on  the 
daioraal ion  of  huaian  tihlal  bonaa  under  static  loading  are  prasantad  in  thtn 
paper. 

Hatatial  and  nethodn 

for  tna  tnveetigation  deaetibad  bar#  aaiaplan  of  tlbio-f ibular  coeploxcv  wvie 

To  realize  the  tordioo  loading  the  natal  pin  was  nountad  '» 

il.e  tibia  euppotted  with  internal  fixation  plate  In  the  caeaol 

tibia  and  libula  ...tact  t-.tnd 

“nn{T»'“;h:"oiro;  ;,nani.ation  ^r 
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IIOIiOGflliPlllC  BMDOSCOPf 
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Ivrtrnlty  of  Mu«»nfit«Ct  KacdtnAl'>«o»-Gal«n>nIhg  10,  0-4400  Mtionatf 
F^eral  Bopublic  of  Getiaany 


TliP  Introduction  of  holographic  nietrology  into  endoacopy  la  th#  dnclaive  atop  towarda  a 
petrological  baaia  for  a  quantitative  diagnostic  within  body  cavities,  with  the  advantages  of 
holographic  Interferoaietry  such  aa  large  focal  depth  Imaging,  non-deatrurtlve, 
iion>contactlve,  and  hlgh-reoolvlng  analysis  of  structure,  forp,  deforpstlon  and  vibration  of 
the  object  under  study.  There  are  two  poaelblllties  of  holographic  endoscopic  recordlngi  at 
the  distal  end  within  the  InatruMnt  or  with  an  external  holographic  capera.  in  both  cases 
opttral  fibfira  can  be  used  for  easy  handling  and  flexibility. 


IntroductliHi 


Althoiiqti  today  endoscopy  has  established  Its  place  In  medical  diagnostics,  It  has  not 
yet  exceeded  the  function  of  a  qualitative,  subjective  observation  pethotl.  Tet,  modern 
dlaqnontlr  techniques  increasingly  requite  an  objective,  quantitative  determination  of  form, 
structure  and  (micro- )swvepent  of  the  object  inwler  study. 

Optical  techniques,  which  can  meet  these  requirements,  are  those  of  laser  holographic 
Interferometry  known  from  Industrial  non- destructive  testing. 


For  endoscopic  Inspection  purposes  this  opens 
possj hi  lit lesi 


besides  ethers  -  the  following 


o  quantitative  deLermlnatlon  of  micro-movements  of  the  fendoscoplr)  object,  which  are  not 
<|etectable  by  mere  visual  insrectloni 

o  guantj latlve  analysis  of  the  local  elasticity  of  the  object  area  ^  ^  , 

o  analysis  of  structurs  changes  even  underneath  the  (endoscopfeallyl  visible  object  surface 
by  holographic  measuresient  of  local  elasticity  differences. 

In  principal,  there  are  two  approaches  in  developing  a  holographic  endoscope* 

o  tlio  hologram  ran  be  recorded  Inside  the  instrument  or 
o  l»y  using  an  external  recording  d*vlre  -  a  holographic  camera. 


nolographlc  recording  Insl^  the. endpsCTplc  Instrument 

Roroidlng  n  liolrrarni"  In.id"  llie  piido.roptc  devlc  requires  n  smell  lml.)qre|-lil r  net  up  Ip 
Im  li,serle.l  Into  I  he  tip  of  the  Instrument.  The  a.l.onll.qes  el  this 

lliioo  rilmoiotfsifi.il  Uy  of  Hic  reconstruclrd  image  with  a  large  focal  depth  as 
m.ilnl.elnln9  i.f  peieyie*.  In  this  enne  e  Iniqe  npprtnre  Is  n.-hleve,l,  sliire  hei  e 
..npll  ...I.enppn'ls  I”  the  liplogium  nren.  This  results  In  low  ,.e,;kle  '’I"*'’?  ^  ^  1.® 

‘inlq..  puler  fllnmeler  of  the  endoscope  needle  (typicallr  «"  »•>"  "rflnr  of  cent Imeters |  and  the 
„ocexalty  to  r|ev#»|op  a  complete  new  type  of  e»*doscore. 

Tho  first  holr^rnphlc  endoscope  of  thin  Mnd  mas  developed  hy  llBdhnwiilIc  |l|  In 
.licnnsod  11.0  problem  to  quide  and  qenerate  a  defl.ied  "">* 

Is  necossnrT  especjnlly  tor  holographic  metrology.  The  nsnaj 

woi.l.l  1.0  difficult  lo  ndjnat  Inalde  the  cndoaooplc  Instrument.  Thus,  s  single  ^le  wns 

....0,1  f.M  Inner  light  delivery  to  n  beam  splltler,  which  separnted  object  a...l  reletence  b.!nm. 
;:,::i|...w::ih  ."aJme-l  no  ^|,-swltcl.ed)'^  p..l-ed  la-era  can  b«  ..ne,l  In  ...ch  an  nrrn..gome..t , 
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New  devlres  for  rontrolliiiR  the  interaction  of  high-powpr  laser  llphr  with  anorganic  and 

organic  araterlala 

Pat  GregLiaa 

Applied  Biophyalcn  l-aborato»y,  I»iatltuto  ot  I'rerlftloii  Merli.-»iilc8  and  (iptlra,  terhnlral  Unlv. 

P.0, Hot  91,  Bndapeaf,  Hnnp.aty  H-ISO? 

ABSrWAgl 

Iwo  unconventional  metiwds,  wliich  Bay  be  used  In  so«e  cases  to  rontrol  heat  roriductlcn 
conditions  rcsponalble  lor  secondary  effects  both  In  laser  surgery  and  in  laser  material 
Irransfoinaclon,  are  presented.  Ihe  toela  developed  lot  this  purpose  are  based  ellliet  on 
therisoclectrleal  ly  controlled  (lEC)  or  on  tliernodyii.-milcnHy  coiittnlled  (IDC)  tenpetaturc 
pattern  geiieiarlon  around  the  acting  laacr  beam.  Using  TBC  laser  scalpel  aecondaty  Hsfoe 
damages  may  be  avoided,  witlle  translormaclon  li.irdenlng  by  laser  radfarion  may  he  controlled 
througli  the  thermodynamic  effect  known  ka  Rantine-effect. 

1.  INTHODUCTION 

lUeli  power  lasers  are  becoming  Increasingly  Important  tools  In  two  oieas  of  everyday 
llfei  In  medical  field,  as  a  replacement  of  mechanlc.al  and/ot  electrical  scalpel,  and  In 
cnglnecrliie.  as  a  nonconlart  method  lor  matetl.al  i  ranslormatjon.  Ihel.  major  role 
alternative  or  adjacent  to  erlsting  methods  la  ro  alter,  e.cise  or  leinove  marerlal  consid- 
*?r©d  tn  bp  pxcesslvp. 

airhoneh  the  exact  physical  mecli.aiilsm  responsible  lot  these  ellecis  Is  In  moat  rases  not 
entuely  understood?  the?e  ?-  no  douht  that  I.ea,  generated  by 

ril^t  temperature  f  »<> J ^ '^he  ma?«!.Tam?fa?t'lt ‘tu  .  l.:^?h^ 


In  hi^t  t-ssperature  f »<> J f " ^  Inf ‘‘-f  'nhrmattH.ti  a^l.r;;  Irstlr.  the^mb^  the 

cU]?rt\o,\  uM.mar’f  rYtho  atf.Tmvr..',’' uri^rtote.?" '  lare’i'tam'lau't'm'' 

Iimro,:;?  tr-lemti:  ^te.t  Vht  property  oS  . . be  altered. 

N,r  n"in  b^  v.tftlug  ?he  remperature  of  the  nonm.s.lnated  area. 

,t  can  be  Shown*  that  If  h  Is  a  distance  from  •'ff ’’  "" 

the  surface  of  diiestlon.  the  local  temperatute  T^,  will  ■ 

1 1 1 


T„  =  ((J/dnKh)  erfc  (R) 


where  R  -  h/;-(l<t) and  the  thermal  conduetlvlry  K  Is  relared  to  the  thermal  dlffuslvlty  k 


Vu  <R)  ir.'.re.tmt'fiinctimyihirh'tm  -t  trrvr'smati.'umd'mtth  fiirn’tocttame  ot'isM 

dPcrPas©*  oKinofonnftsly  0, 

Plus,  the  result  ol  the  1"'^®’^®'^^*-°",”*  )oiis"ol' rile  enotpy  transport 

?,  of  ?l.e  tSpart  ,K,lnt  of  the  Intense  laser  radlarloo. 

,o  our  reasoning  until  now  -e  have  'fo  d.st.net.on^ln 

the  laser  llrlit  Is  sctlnr.  upon,  ®  "f®  b.aslc  Is  s  biological  rlssne  and  engineering 

the  same  for  Itotl.  llv  ng  nunUfl"*  ""rbiCt.da';  condttlont  n?e  not  the  same.  this,  hnw- 
mncerlnlSf  the  only  difference  la  •'  f  laser  s'utrety  to  control  some  of  the  damagloc 

ever,  means  that  tools  that  csci  be  used  In  laser  S',  t gets  ^  utlUr.ed 

heat  effect,  may  be  Te?mfo?m?  we  dSscrlhe  one  of  the  methods  rn.g- 

to  control  laser  material  transformations.  Ptere. 


/ 


a.  o 
o  UJ 

X  X 

^  z 


i-  «-  I- 

O  «« 
3  0  0. 
—  « 
woo 
^  c  ^ 
^ 

U  4J 
C  01  r- 

t 

•a  %-  V 
01  w  > 

«0  «0  c 
o-i  o 

u '  w 
•r*  01  o 

t  ^2 

40  01  k 

o  &.  w 
01  > 
OP  v  ^ 

>  c  E 
fO  o  o 
£  u  *- 
H- 

'O  01 
C  £  U 
3  4J  -f- 

O  O 

t.  c  o 
fO  o  -M 

0)  (/I  OP 
*-  >»£ 
O  40 
O  -O 

01  c 

O.  VI  ■•- 
3 

o  *o 

Vr-  OP 
tf-  > 

01  <P) 

^  a£ 
OP 
OP  V 


^  ^ 

£  M  >k  >»£  C 

^  OP  o>  o»^  <o 

T.2.S  O) 

W  e  E  S  M  £ 

C  3  3  3  to  10 

^  O  OP  01  U 

U  O  C  U  ‘T* 

•r-  *  U  <4P 

*0  *0  >»  C  3  OP 

OP  OP  VI  *0 

Z  0.0  C 

O  ^  VI  3 
^  Q  OPO- 
C  OP  E  0>0  OP 
>  3  40  £ 

OP  OP  V  ^ 

*0  c  VI  >>  O 
VP  Q.  4-*  4^ 

C  C  -P 

o  -o  ♦ 

^  *  w  OP 

44  V)  >»E£  40 

IQ  C  Oi  0.*«*  OP  *r~ 

U  O  O  O  VI  *o  U 

•r-  ‘r-  VI  •»“  •r- 

f—  t->  o  01  o  vm~ 

O.  40  U  >  CL  C  OP 

o.  a  OP  OP  o  c 

to  f-  C  TP  £  O  OP 

,—  5,  (0  £ 

O.  OP'D  OP  VI 

u  a.  c  (.  40  -o 

OP  40  40  Oi  3  C 

i/t  **  *o 

<0  r-  >»£  fO  VI 

r-  40  OP  U  OP  — 

u  O  OP  —  3 

4f.  ^  ^  m  >  olh- 

O  -O  O  OP  01  OP 

top  t*  VI  £  U  VI 
E  OP  W  C  3 
C  O  *r- 

to  C-  C  4s>  i.  VI 

I  OP  OP  OP  CL  to 

OP  VI  O  £  TP 

JZ  «  t.  OP 

4^  —  V*  V.  T-  OP 

I  VI  t-p  Op  «p-  > 

*4*  OP  40  40  *0  •#-  p 

o  «  c  cn  -r-  fc. 

I  V1 1-  12  £ 

OP  TJ  ^  »-  5  OP 

4^C3  ^T-O'r-Ss 
40  w  o  >»v>  0  0-0 
4J  s.  1.  C7>  VI  4/1  «0 
VI  O  £  W 

OP  —  VI  OP  *0  ^ 

OPOP£OCOPOP  — 

£  L.4->  t7»0££  *0 

♦J  3  C  -r-  VI 

♦J  H-  t->  OP  —  VI 
C30V.40>—  C 
O  <f>  lO  U  <0  £  O 

OP  —  ’r-  XT  lO  -r- 

■a  U  —  4-> 

>»  e  c  a.  VI  VI  40 

^  <0  40  VI  0.4»  OP  U 

C  ii  <0  C 

•^  £  t:  ai  2 

gv  O  £  ECO. 
3  0-0  *44  O. 

P  E  3  VI  <0  £  40 

C  -r-  VI  (.  OP  4J 

XJ  31  OP  l«-  •»*  ® 

OP  —  VI  £  ♦J  3  £ 
£  VI  40  OP  V  . 

40  -PJ  3  •»“  O  1-  VI  ^ 

t.  •*>  £  Q  C  % 


OWZCVPt- 
VI  U  U  OP  &-  40 

40  t.  W  OP  — 

40  X  3 
OP^  OP  4-1  C  U 

£  >v  VI  OP  OP  VI 

4->  —  OP  £  O  10 

40  t  > 

4->  S- 

C  •f*  —  OP  O 

-r-  O  OP  VI  C 

*0  C  40  40 

C  VI  o  — 

-o  <0  40  VI  4-» 

OP  OP  L.  —  C 


>t  VI  >>  -O  *>  C 

@♦4  e  c  c  o 
U  W  40  o 
OP  C*  ‘r-  VI 
VI  ‘O  OP  V  OP 
OP  p  V-  Oi  lO  •r* 
*r-  f.  If.  C  1*  4.I 

44  OL<f-  p  Pk'T- 

—  'O  C  OP  — 

a  44  4J 

u  c  VI  e  £ 

T*  OP  >«  -r-  -r- 
4«-  E  £  VI 


VI  O  OP  . 

I 

*r-  —  01  ■  - 

♦-»  3  •r-  Sf, 

u  u  o 

E-r-  VI  — 

S-  fl- 

«  t  «  ff 


U  OP  3 

3  a  y 

i 

3  — 

OP 

3 

OP  C  VI 

a 

VI 

—  c 
3  0 

•r- 

£ 

U  > 

VI  3  OP 

p 

VI  OP 

>*  3 

3 

T“  3 

3  31  OP 

1. 

C  3  C 

S  t 

«£  3 

’T’ 

3  L.  L. 

y  0  Di  OP 

3  3  0 

1. 

£  • 

U  3 

OP 

> 

y  y  £ 

0  0 

3 

OP  e 

0  3 

3 

-4-  C  3 

r-  3  £ 

t-  OP 

a  3 

VI  £ 

£ 

VI  y 

U  01 

0  ^ 

VI 

E  £ 

3 

,  a  c  VI 

E  OP 

£ 

OP  VI  c 

£  OP  3 

3  £ 

3  3 

OP  y 

p-  3  OP  3 

a£  3 

3  £  .#- 

£  T- 

E  £  -r-  L. 

C 

*£3  3 

c  y  VI 

VI 

0  3 

0  £  OP 

3 

T*  X  -r- 

C 

v>  3 

J-  —  H- 

0  —  C 

t£  OP  > 

••  0 

V) 

a  3  <4- 

VI 

3  3 

OP 

3  y 

*  p 

y 

OP 

COO 

3  3 

OP 

VI  r 

C  “T-  3 

c 

0  £  VI 

t.  r-  £  2  C 

♦J  .  O  —  "O  E  O  o 
c  ^  49  40  C  3  *«* 

OP  O  -r-  49  LJ  4^  >» 

U  *4-  OP  U  <0  4^ 

C  £  OP  >>T?  U**- 

O  VI4J  0.3»C*r-  — 

O  OP  VI  O  *9  — 

-O  —  D.£ 

Cn  OP  C  O  ^  O. 

O  4-1  -r-  —  p 

r-  40  C  40  O  & 

VI  L.  3»  -♦»—  O  O 

VI  44  O  W  V  O 

3  VI  U  O.  O  >-  OP 


3  VI  U  O.  O  >-  OP 

Ei£ 

•?-  O  3  •  W  -r-  . 
*0  VI  Ui  >>  U  4-1  li- 
C  40  31  40  O 

O  3  C  O  . 

OP  *r~  W  C 

£  4J  £  O40W  — 

P  ^  g  3 


[isp 

I  OP  40  S  01 
:  TJ  >  f-  £ 


r-  OP  C  £  C 

a  ^  o  £  40  VI  OP 

.  £  £  •«-  OP 

■o  VI  —  £ 

OP  •  VI  41P  £ 

S  S  OP  VI  to  O 

Di  t.  £  V) 
C  ••  10  3  VI  — 
» C>  (-  O  41>  49 
OP  Ui  3  C> 

VI  U  LiJ  O  >»  >> 

c  c  u  V  S 

o  40  >>  c  u  40  E 

•r-  L.  £  OP  O  P 

£  U.  £  VI 

tO'-^Xt  VI  —  OP 
u  OP  £  40  3 

f-  V)  £  c  *  cr 

<*/  «TP  ^  C 

o.  *-  o  (.  OP  c 

£  U  CX  O  OP  £ 

I9  £  O.  VI  3  £  u 

c  3  OP  W  OP 

1.  3  VI  U  E  OP  4-> 

0)  O  C  40  > 

VI  L>  OP  L-  «0  VI 

<9  •«  t.  4-  £  •!- 

—  C  C  OP  «'» 

(0  O  ^  VI  VI  O 

4£  OP  ‘r*  C  -r-  to  C 

O  0. 4->  O  £  OP  3* 

S  49  U  £  k  to 

£  *9;r- 

C  3  _  C  3 

OP  OP  C  3  >>. 

g  49  C  £  44  <£ 

O.  OP  3>  *0  4-»  r-  O 

O  X  O  £ 

o;  *♦_  VI  y 

>  VI  a  *-  u 

dP  OP  O  •  O.  19 

■o  L.  £  £  VI  OP 

01  44  VI  OP  VI 

OP  £  4£  -r-  •  9> 

£  X  44-  1-  I-  3  ^- 

£  O  P  44  OP 

s  X  C  3>3 

I.  c  E  3  C  C 

o  O  'r*  O  3  to 

M-  -r-  <0  OP  y  ^ 

£  N  V-  *4 

sc.^1 

£  OP  L.  OP  '4~  O 

£  •  O  M-  VI  — 

t  -p  «£  to  OP 

C  OP  OP  -r-  OP  > 

<0  u  y  ^  ® 

S  s  i  °  >.5 

3  (J  t.  B.  v*  a 

WUJD-OCE.'' 
UJ  01 o  _.  >> 

S  C  OP  T*  W  31 

OP  >  £  a  o 

£  >.  OP  3  P  «- 

P  5  «  -o  Jj  t  o 

w  to  T-  3  f- 

:rC„t!‘^E 


C  O  *4-  O 
O  C  1-  H-  £ 

-r*  r-  £  -r-  44  X 
£  to  3  -r-  OP 
19  t-  y  X  c 

O  O  »-  C 
•r>  C  "r-  -C  a 
—  VI  3  A  3  O 

a  c  E  F  3  — 
a  o  E  o  OP 

19  r*  O  OP  £  > 

£  O  £  44  OP  • 
19  £  -O  VI 

19  y  19  L- 

U  f-  t  VI  *  OP 
•r-  —  VI  40  »>  VI  OP 

-oat.  VP  OP  c 

g  a  OP  44  a  3 

49  OP  3  3  3^2» 

c  o  p  c 

L.  OP  t-  C  C  OP 
OP  C  3»3  3»-C  , 

VI  'r-  C  OP  u  u 
49  44  V  44  3  OP  OP 
1—3  C  OP  44  OT 
O  t.  p-  N  49 
OP  *-  OP  O  3  — 
£  VI  a  C  OP  _ 
44  c  to  49  £  3 

■f~  •—  C  3^  VI  C 

*£  OP 

O  3>  U  OP  O  — 

C  O  £  a  VI 
OP  T-  4—  *0  44 

t.  VI  OP  —  44  VI 
3l-£>gpvi'r- 
£  p  VI  3  X  OP  y 

3  X  '»-  £  r- 

cr  y  t.—  w 
VI  -t-  VI  OP  —  >» 
>>  E  V)  £  £  OP  £ 
1.  3  >*  VI  44  X  a 
3  OP  £  W  o 

c  I—  a  C  OP  •• 

-r-  01  3  £  VI 

»-  3  £  c  44  c 

a  •  C  C  3  3 

•r-  £  3  'r-  3 

U  C  VI  3  U 

VI  W  E  OP 

-r-  E  VI  3  3  fc  W 

■n  a  c  e  OP  a  >» 

C  P  3  P  £  VI  £ 

0)  —  ’r-  -r-  a 

£  01  y  VI  OP  o 
c  >  •?-  VI  VI  £  3» 

•I-  OP  VI  OP  o  c 

3  >i<4>  £  VI  3 

OP  £  P  P  £  P 

£  i.  a  C  c 

£  01  a  OP 

pi  •  3»H- 

•4.  e  OP  w  3  o 

p  p  3  3  E 

L  3  e  3  OP  c 

OP  £  —  3  OP  £  o 

VI  VI  U  £  £  *»- 

3  C  44 

3  3  f-  C  £  OP  3 

U  O  C  £  U 

OP  £  -r-  01  P 

«  C  3  £  -r-  3  3 
OP  —  3  0—  OP 
>  3  y  f"  P 

CO  3  i£  O  OP 

a  3«t  «  •<? 


•r-  VI  3 

£  <  3  • 

3  OP 

y  •*  C  ' 
3  £  *  —  ’ 

3  £  £  to  , 
3  pi  C  • 

3  3  — 

U  3  44  OP  •  , 

f-  £  U  >  >» 

««-  O  OP  £  I 

•r-  >»  a—  ■*-  , 
£  —  E  c 
C  I-  OP  P  I 

OP  3  44  E  - 

f-  OP  OP  3  E 

CP  f—  £  3  O' 

VI  y  3  0 

e  3 

yOP3fc*  — 
r-  &.  y  01  3 

VI  3  U  O 

10  WOlT- 
£  VI  O  3  3 
C  C  W 

3  P  OP  P  E  4 
C  'f-  ^  ^,1 

3  £  3  £  OP 
3  3  £ 

r—  £  VI  £  ' 

3  'i>  &-  3 
y  E  OP  OP  c 

I-  -r-  VI  C  — 

c  —  3  ' 

£  —  3  OP 

0  3  £fc- 
01  c  0;  C  OP 
£  3  £.  '*~  £ 

OP  3  ai 
«4>  VI  £  E  VI  I 

3  £  VI  £  £  f 

y  c  OP  to  I 

giulji 

o  C  r-  £  _  I 

a  3  y  VI  3 

E  ^  OP  ] 

•r-  a  VI  I 

3  VI  y  •‘j 
OP  £  -I-  as  2 

£  £  3  VI  01 

£  £  >»  OP 

2£  £  £ 
a  3  1 
OP  OP  c  \ 

VI  £  I-  3  £  i 
VI  X  c  VI  I 

gvi  3  f 
3  VI  I 

£  •  VI  t*  : 

VI  VI  3  u  £  t 

3  3  *f*  £  *P 

VI  VI  £  £ 

O  OP  W  £  4 

£  y  £  £  2r 

«-4  3  £  X 

%.  3  3  1 

OP  3  Z  ^ 
3  3 

3  fc>  VI  < 
-I  313  < 


1 


LASER  TECHNOLOGIES  IN  INDUSTRY 

SPIB  Volume  9S2 


WORKSHOP 


LASERS  in  MEDICINE 


LASER  TECHNOLOGIES  IN  INDUSTRY 

SPIE  Volune  952 


WORKSHOP 


LASERS  in  OCEAN  SCIENCES 


REPORT  OM  WORKSHOP  MEETING 


LASERS  IN  OCEAN  SCIENCE 
by 

S.P.  Almeida 

A  worknhop  meeting  on  Lasern  In  Ocean  Sciences  wan  held  on 
•Inne  9,  t9flfl  the  day  after  the  conference  on  Laser  Technologlen 
In  Industry  In  Porto,  Portugal,  June  6-8,  1988. 


The  goals  for  this  workshop  meeting  Included  the  follnwlng- 

1  .  Provide  a  forum  for  the  exchange  of  Ideas  on  the 
role  of  lasers  In  ocean  sciences. 

2.  Identify  current  problems  In  ocean  sciences  which 
are  of  Interest  to  the  European  community. 

3.  Determine  If  sufficient  Interest  exists  to  pursue 
a  (future)  topical  workshop  on  lasers  In  ocean  science. 

4.  Determine  which  areas  to  focus  on. 

5.  Determine  if  sufficient  Interest  exists  among  the 
European  communities  to  contemplate  a  mu  1 1 1 -n.a  t  Iona  1  rese.arch 
effort  to  solve  ocean  science  problems  via  the  application  of 
la.sers. 

Most  If  not  all  of  these  goals  were  reallxed  as  .a 
conseguence  of  this  workshop  meeting. 


The  world's  oceans  are  of  vital  Importance  to  mnnklnd  In  the 
ole  they  play  In  our  ecosystem.  They  affect  weather  and 
tmosphere,  both  as  a  solar  energy  reflector  and  stor.age  of 
nergy.  Photosynthesis  by  oceanic  phytoplankton  Is  one  of  the 
mportant  processes  which  helps  m.olntaln  a  proper  oxygen  b.sl.snrc 
n  the  atmosphere.  Phytoplankton  .also  form  .a  fundamental  link  In 
he  basic  food  chain  which  exists  In  the  ocean.  An  unb.al.anre  In 
he  oceans'  natural  process  In  providing  for  Its  sea  life  could 
ave  a  deleterious  effect  on  our  ecosystem.  Man's  persistent 
ontamlnatlon  of  the  oceans,  with  oil  spills,  r.aw  sea^age 
olsonous  chemicals  In  liquid  .and  .solid  form  are  a  serious  threat 
o  all  nations.  The  currents,  tides  and  winds  will  sooner  or 
ater  brlna  home  consequences  of  these  actions. 


The  workshop  was  well  attended  and  a  very  good  exchange  of 
Ideas  took  place.  Participants  at  the  meeting  represented  a 
broad  cross  .section  of  the  European  community  not  to  mention  the 
Inclusion  of  persons  from  the  United  States  and  Eastern  Bloc 
countries . 


The  suggestions  for  possible  areas  of  lasers  In  ocean 
science  can  he  divided  Into  two  broad  categories;  Surface  and 
Underwater  research. 


